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Abstract 

AH acute toxidty data developed by the Columbia National Fisheries Research Laboratoiy, 
U.S. Fish and Wildlife Service, since 1985 were evaluated for quality, and a data base was 
established for 4,901 tests with 410 chemicals (mainly pesticides) and 66 species of aquatic 
aiumals. Tlie data were also analyzed by various statistical approaches to make taxonomic 
comparisons, and to assess the d<igree to which various factors affect toxidty. Insects were 
the most sensitive group, followed by crustaceans, fishes, arid amphibians. Among the four 
most commonly tested forms, daphnids were the most sensitive 58% of the time, followed 
by rainbow trout, Salmo gairdnai (35%), bluegills, Lepomis macrochirus (5%), and fiithead 
minnows, Pimephales prvmelas (2%). In comparisons with other species tested with the 
same chemical, two obseivations were evident: (1) the lowest of the two LGSO's for d^hnids 
and rmnbow tiuut was <15 x that of the most sensitive species 95% of the time, and <25 
X 100% of the time; and (2) testing of three species {Daphnia, Gammarus, and rainbow 
trout) provided the lowest toxidty value 88% of the time, and could not be improved more 
than 2.5% by adding any other single species. Interspecies correlation models can be used 
to predict acute toxicity' values, but the confidence limits were smallest when extrapola
tions were within families. Flow-through toxicity valites can be obtained by multiplying 
stetic values by 0.51, but the error is likely to be large because ratios of static to flow-
through tests differed by 1.8 orders of magnitude. Toxidty of aged test solutions increased 
by a factor of 2 or more only 11% of the time and never increased by more than a factor 
of 4; toxidty decreased in 22% of the tests and remained unchanged in 69%. Although 
pH affected the toxicity of only 20% of the chemicals tested, it caused a greater average 

^Present address; Environmental Research lioboratory, 
U.S. Environmental Protection .Agency, Sabine Island, 
Gulf Breeze, Flo. 32561. 
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change in to»dty than did any other fector examined. Temperature affected the toxid^* 
of 40% of the chemicals tested, toxicity generally increasing with increases in temper
ature—although the toxicity of a few chemicals (DDT, dimethrin, and methoxycWor) 
decreased. The effect of temperature on toxfdty conformed to. the Qio concept and was 
predictable. Temperature increased the toxidty of most chemicals by a fector of 3.1 per 
10®C rise in temperature, but the fector for organcjAosphate insecticides was higher (5.1)— 
possibly due to ̂  simultaneous increase in acefylcbolmesterase (AChE) activity and rate 
of AChE inhibition. Regression slopes were consistent among spedes within a chemical 
for both pH and temperature, indicating chemical rather than biological differences in tox
idty. Water hardness had little If any effect on the toxidty of organic chemicals; any effects 
observed were probably due to pH (Terences in solutions of differing hardness. Formula
tions of pestiddes incr^sed the toxidty of technical material 32% of the time, and decreased 
it 11% of the time. The effect of formulation on toxidty was within a factor of 0.2 to 5x 
85% of the time, but was as high as 318 x. The diet f^ to fish before they were tested 
altered toxidty by as much as 5.7 x, but factors of 1.1 to 3.8 x would be anticipated within 
available commercial diets. Source of rainbow trout contributed to variation in toxicity 
data, differences ranging feom 1.8 to4.7x 88% of the time. SensitiviQ'of invertebrates 
and fish decreased as development of the animals progressed and dzc increased. Differences 
in toxicity among different life stages of fish were 5 x or less 83% of the time. The change 
in toxidfy was usually small within the sizes normally tested. 

Of the fectoTS affecting toxidty, the differences were within 5x or less 80% or more 
of the time, and this generalization included pH and temperature, evaluated on the basis 
of a 1.0 unit or lO^G change. Generallzations.and predictions can be made for comparative 
toxidty and factors affecting toxicity >80% of the time. However, due to inherent varia
tion and frequent exceptions in acute toxidty data, it remms best to test the chemical 
and species of concern under environmental conditions of interest when precise informa
tion is required. 

The Federal Insecticide, Fungicide, and Roden-
ticide Act (PL 80-104), as amended by the Federal 
Environmental Pesticide Control Act of 1972 and 
others (7 U.S.C. 136-136y), requires that all for-
mulators and producers of pesticides register their 
products and establishments with the U.S. Environ
mental Protection Agency (EPA) on the basis of 
safety data regarding health and environment. Fur
thermore, the Toxic Substances Control Act of 1976 
(PL 94-469) and the Federal Insecticide, Fungicide, 
and Rodenticide Act authorize EPA to obtain data 
from industry on the health and environmental ef
fects of chemical substances and mixtures. Acute 
toxicity testing plays a major role in the testing re
quirements involv^ in both laws, for good reason. 
^ terms of utility for the assessment of hazard to 
aquatic environments, acute toxicity tests were 
rated highest of 15 tests evaluated by Brungs and 
Mount (1978) and Macek et al. (1978). Sue criteria 
were us^ in the evaluations: ecological significance 
of effects, scientific and legal defensibility, avail
ability of acceptable methodologyy utility of test 
results in predicting effects in aquatic environments, 
genera! applicability to all classes of chemicals, and 
simplicity and cost of the test. 

Toxicologists are well aware of the merits and 
limitations of the acute toxicity test; yet, there are 
probably few measurements for evaluating hazard 
or safety of a chemical to aquatic life that have been 
as grossly misunderstood. Users of acute toxicity 
data must bear in mind that the LC50 generally 
measures only one biological response—a lethal one. 
Its main value lies in its provision of a relative start
ing point for hazard assessment, along with the 
expected environmental concentration, and other 
measurements (e.g., water solubility, partition coef-
fident, and degredatlon rate) of the chemical in ques
tion. In addition, the acute toxidty test provides a 
rapid, cost-effident way to measure relative toxidty 
of different form.') and formulations of a chemical, 
toxicity in different types of water, and toxicity to 
organisms representing different trophic levels 
(Buikems et 1982; Sprsgue 1970). 

One of the greatest ne^s in acute toxicity testing 
today is an evaluation of the data already available 
for its utility and applicability in the assessment of 
chemical haluuri. At present, there is a tendency to 
dwell on the selection of spedes for toxicity tests 
and the biological, chemical, and physical factors af
fecting acute toxidty, wi&out fully defining the 
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variation in species sensitivity, the extent to which 
various physicochemica! and biological factors affect 
toxicity, and the probabilities associated with such 
variation. Assessments of the probability that ad
verse ecological ^ects will result from environ
mental releases of a given contaminant are of 
primary importance in hazard evaluation. Probabil
ities should be derived that will reasonably repre
sent acute toxicity to most species—especially the 
more sensitive ones. However, the probabilities that 
can be developed today are, for the most part, based 
on species easily and economically tested, and there
fore may or may not include a reasonable portion 
of the very sensitive species. Furthermore, a hazard 
assessment is not a one-time estimate. Additional 
evaluations must be made as the data base and 
knowledge e:q)and; and at the present state of the 
art, no scheme or procedure can eliminate the need 
for sound scientific judgment. 

The large acute toxicity data base (Appendix 
Table A5) used in the analyses presented here is 
unique in that the research was conducted within one 
laboratory system and by methods that, for the most 
part, are ^e consensus methods in use today 
(American Society for Testing and Materials 1980; 
Committee on Methods for Toxicity Tests with 
Aquatic Organisms 1975). The objectives were as 
follows: 

-l.-Make avmlable the data base, especially unpub
lished data. 
2. Develop the general statistical relation of relative 
sensitivities within species, families, and classes. 
3. Determine the frequency with which ECSO's or 
LCSO's determined with commonly tested species 
(daphnids; rainbow trout, Salmo gairdneri; fathead 
minnows, Pifnephales promelas; or bluegUls, LepO' 
mis macrochirus) are lower than the EC50's or 
XiC50's for all other species tested. 
4. Determine if there is a group of three or four test 
species that would yield the lowest EC50 or LC50 
at least 95% of the time. 
5. Develop the statistical relation between static and 
flow-through LCBO's. 
6. Detenrine how often the toxicity of an aged test 
solution is less than that of a fresh solution. 
7. Assess the effects of physical, chemical, and bio
logical factors on acute toxicity. 

We hope that these data will contribute to the 
many assumptions, comparisons, and extrapolations 
required in an ecotoxicology testing scheme for 
hazard assessment and for other purposes. 

Materials and Methods 
Geiieral 

The data base used to prepare this report (Appen
dix Table A5) was compiled from the results of tests 
conducted at the Columbia National Fisheries Re
search Laboratory and its field laboratories in 
1965-1984, and judged acceptable according to good 
laboratory practices. It consists of data from 4,901 
tests performed with 66 species of aquatic organisms 
and 410 chemicals. Not all of the species were tested 
with every chemical. The spedes of invertebrates, 
fishes, and amphibians tested are listed in phylo-
genetic order (Appendix Tables Al and A2), and 
chemicals are arranged alphabetically by common 
name or trade name where common names do not 
exist (Appendix Table A4). Toxicity values are ex
pressed as ng/L, pg/L, mgfL, or ml/L. Duration of 
the toxicity tests was either 48 h (fairy shrimp, 
Streptocephalus secUi; daphnids, Daphnia magna, D. 
jndex, and SimocepkaXus semilatus] seed shrimp, 
Cypridopsis vidua; and larval midges, Chironamus 
plumoms) or 96 h (all other species). The chemicals 
represent all major pesticides, as well as several in
dustrial and inorganic chemicals. Most of the data 
are on organic chemicals and fishes. Data for in
vertebrates were often lacking, and are therefore 
discussed only when adequate data exist. 

-Portions of the data base (static acute tests on 
271 chemicals, 58 species, and 1,587 tests) were pre
viously published by Johnson and Finley (1980). The 
present data base includes data from tests on 
139 additional chemicals. In many of the tests, the 
foUovdng factors were assessed: test type (static or 
flow-through), aging of test solutions, temperature, 
pH, hardness, formulation, diet, fish source, and size 
and life stage. Where the few discrepancies occur 
between our data and those of Johnson and Finley 
(1980), the present data should be used. Because we 
used origin^ data records to prepare this report, (lie 
absence of data that were previously published does 
riCb necessarily.mean that the data were unaccep
table: they may have been lost or were unavailable. 
Furthermore, although some data on certain chem
icals did not appear to conform with other test 
results, the tests were included in the data base 
because they could not be eliminated on the basis 
of good laboratoiy practice. 

Static toxicity test procedures with invertebrates 
and fishes were previously described by Johnson and 
Finley (I960). Static and flow-through test techm'ques 
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were genei'ally those of the American Society for 
Testing and Materials (1980) and the Committee on 
Methods for Toxicity Tests with Aquatic Organisms 
(1975). Test procedures for amphibians (tadpoles) 
were those described by Sanders (1970). The level 
of statistical significance in all tests was P < 0.05. 

Statistical Analyses 
Comparative Toxicity 

TaxoTiomic comparisons. The data set analyzed 
included most of the data in Appendix Table A5, but 
did not include data ̂ m tests on eggs, flow-through 
tests, or aged test solutions, or tests yielding *^ess-
than" or "more-than" values. The data were ana
lyzed by one-way analyses of variance (Snedecor and 
Cochran 1967) that included the effect of category 
(species, family, or class) for each chemical. Logio 
transformation of toxicity data was used to meet the 
assumptions for normally distributed data in analysis 
of variance. The first step in statistical analy&'es of 
the data set was to determine the number of 
repeated measurements (48-h EC50's and 
96-h LC50's) within a category for each chemical. 
This step was necessary to enable derivation of an 
error term for testing differences among species, 
families, or classes. The design was not balanced 
because the numbers of observations in each 
category were unequal. To determine mean dif
ferences among ECSO's or LCBO's, we used Fisher's 
least significance difference (LSD), and sum of 
ranks/n analyses, based on the log of the values or 
means that were used for comparisons of sensitiv
ity. Frequency analysis by inspection—determina
tion of how often the E(^50 or LC50 of one tax-
onomic group was greater or less than that of 
others—was also used. 

IrUerspecie8C(mparUon8 and correlations. Inter
species comparisons were made by summing ranks/n 
and frequency analysis by inspection—determining 
how often the EC50 or LC50 for one species was 
greater or less than that for others. The values used 
for comparisons were log values; their derivation is 
described in the materials and methods for tax-
onomic comparisons. 

We conducted interspecies correlations, using 
Model II least squares methodology (Snedecor and 
Cochran 1980), on daphnids (Daphnia magna or 
D. jndex, or bo^), rainbow trout, fathead minnows, 
and bluegills with other species. A standardized data 
set was established from Appendbc Table AS for 
these analyses, to reduce variation. The data set was 
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based mainly on technical materials, and water 
temperature, pH, and hardness conformed to the 
requirements of American Society for Testing and 
Materials (1980) and the Committee on Methods for 
Toxicity Tests with Aquatic Organisms (1975); data 
were not included from tests on eggs, flow^through 
tests, or aged test solutions, or tests having "less-
than" or "more-than" values. Acceptable fish 
weights were 0.2 to 1.5 g. The coefficient of varia
tion for a species with three or more tests on a 
chemical (all fishes) averaged 37% (range, 3-115%) 
for toxicity values in the standardized data set, 
whereas the data used in the comparative toxicity 
section on species averaged 65% (range, 13-215%). 
Slopes and intercepts were derived from the equa
tion log Y » o-f-60og^O, where Jf equaled toxicity 
values for one of ^e four species previously men
tioned and Y equaled toxicity values for other 
species. Paired tests on five or more chemicals were 
the minimum requirement for inclusion in the 
analyses. When either one of the paired values in
cluded more than one EC50 or LC50 value, the logs 
of the individual values were averaged. 

Frequency distribution of toxicity. Estimates of 
frequency distributions of toxicity of all chemicals 
for the categories of species, class, and all taxa com
bined were performed with the standardized data 
set. Each chemical was classified by the following 
48-h EC50 or 96*h LC50 concentrations (pg/L): 
<0.01,0.01 < 0.1,0.1 < 1.0,1.0 < 10,10 < 100,100 
< 1,000, 1,000 < 10,000, 10,000 < 100,000, or 
>100,000. Frequency distributions of the toxicity 
classification were then made for each species and 
class, and for all taxa tested. Only results for 14 of 
the individual species ai'e present^ gr^hlcally, but 
75% of the tests were conducted with those species. 

Static and flow-through tests and aged test solu
tions. Formulation and categorization of the ratios 
were used in analyzing data on static and flow-
through tests and aged test solutions. Ratios of static 
to flow-through tests (96-h LCBO's) were calculated 
for 123 paired tests that included 41 chemicals and 
19 species. The geometric mean was used when two 
or more toxicity values existed under mmilar condi
tions. The percent incidence of the ratios occurring 
in three categories was determined: at <0.5, the 
chemical was more toxic under static than under 
flow-through conditions; at 0.5-1.5, there was no dif
ference in toxicity between the two types of tests; 
and at >1.5, the chemical was more toxic under flow-
through than under static conditions. 
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Aged test solutions were compared with fi^sh test 
solutions (46 paired tests), under static conditions, 
for 22 pesticides and 12 spedes. Solutions were aged 
for 4 to 28 days, and 96-h LCSO's determined on both 
fresh and aged test solutions. Most comparisons 
were made at 7 days, for consistency. Deactivation 
indices (Marking and Dawson 1972) were obtmned 
by dividing the 96-h LC50 of an aged test solution 
by the 96-h LC50 of the paired fresh solution. Fur
ther details about the deactivation index were 
described by Marking'(1972). The percent incidence 
of the indices was determined for three categories: 
at <0.5, the chemical v/as more toxic after aging; 
at 0.5-1.5, aged and fi*esh solutions were equally tox
ic; and at >1.5, aged solutions v/ere the less toxic. 

No differences were considered to exist at ratios 
of 0.5 to 1.6 in comparisons between static and flow-
th'^ugh tests, and between aged and fresh test solu-
tioDs. Although this ratio range is not statistically 
exact, it appears to encompass most of the range 
observed within normal experimental variation. This 
approach was also used in comparing the toxicity of 
technical materials with that of formulated 
pesticides. 

Factors Affecting Toxicity 
'^amperature, pH, and hardneas of test solution, 

and size of test animal. We conducted regression 
analyses, using Model II least squares methodology, 
to determine relations between 48-h EC50's-or 
96-h LCSO's and pH, temperature ("C), and hard
ness (mg/L as CaCOs) of the test water, or size 
(weight, g) of the test animals. Slopes and intercepts 
were derived from the equation log Y • a+bX, 
where F the toxicity value and X « pH, tem
perature, hardness, or size. Only tests containing 
three or more data points (EG50's or LCSO's) for a 
specific species and chemical combination were used. 
Analyses of covariance were computed to determine 
differences between linear slopes for treatment. 
Also, we tested the hypothesis that the individual 
linear slopes were equal to zero by using individual 
regression analyses, as well as by calculating a 
pooled estimate of the standard error in the analysis 
of covariance (Snedecor and Cochran 1980). If the 
slopes had been analyzed individually, they might 
have differed significantly from zero, but not 
necesaariiy with analysis of covariance. Only tests 
having slopes that differed significantly from zero 
are presented in tabular form. 

Formulation, diet, source, and life stage. Ratios 

of technical to formulated pesticides (static 
48-h ECSO's or 96-h LCSO's), based on active ingre
dients, were calculated for 161 paired tests that 
included 48 chemicals and 16 species. The percent 
incidence of the ratios occurring in three categories 
was determined: at <0.5, the formulated pesticide 
was less toxic than the technical form; at 0.5-1.5, 
technical and formulated pesticides were equally tox
ic; and at >1.5, the formulated pesticide was the 
more toxic. 

Differences among 96-h LCSO's attributable to 
diet were determined by comparing means within 
95% confidence intervals (Mehrle et al. 1977). Fre
quency analysis by inspection—how often the 
96-h LC50 of one category was greater or less than 
that of another category—was used for comparisons 
of source and life stage, owing to the small sam
ple sizes and characteristics of the data. 

Results and Discussion 
Comparative Toxicity 

Taxonomic Comparisons 
Species. Acute static toxicity data were highly 

variable among the 63 species tested against 
174 chemicals. Some species appeared to be veiy 
sensitive or very insensitive overall, but there were 
also frequent exceptions for the same species. The 

-largest number of species (14 to 25) consistently 
tested in the total data base were tested with 14 in
secticides (2 carbamates, 6 organochlorines, and 
6 organophosphates). Data from these tests were 
compared by sum of ranks/n to provide a general 
sensitivity ranking. In descending order of sensitiv
ity (not necessarily statistically significant), the 
species ranked as follows: stonellies {Ctaasservla 
sabulosa, Pteronarcys califomica, Pteronarcella 
badia), ^ass shrimp (PalaeTnonetes kadiakensis), am-
phipods {Gammarusfasciaius), daphnids {Daphnia 
pvlex, D. magna, Simocephalus serrulatus), brown 
trout (Salmo trutta), rainbow trout (S. gairdneri), 
seed shrimp {Cypri^sis vidua), largemouth bass 
(Mtcropterus salmoides), cutthroat trout (S. clarki), 
bluegills (Lepomis macrochirus), sow bugs {Asellus 
brevicaudus), coho salmon {Oncorkynckus kisutch), 
yellow perch {Percaflavescena), channel catfish (Icta-
lurus punctatus), common carp {Cyprinus carpio), 
black bullheads (/. melas), green sunfish (L. cya-
nellus), fathead minnows {Pimephales promelas), 
goldfish (parassius auratus), western chorus frog 
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(Pseudoms inserioto), and Fowler's toad (Bufo 
woodhoiisei fowleri). Analysis of the standardized 
data provid^ a slightly diSierent rasldng: stoneSies, 
glass shrimp, daphnids ipaphnia magna, D. jml&c), 
amphipods, daphnids {Simocepkaltts Berrulatiis), 
rainbow trout, sow bug^, blu^;ULs, lai^mouth bass, 
seed shrimp, coho salmon, cutthroat trout, yellow 
perch, brown trout, channel catfish, common carp, 
green sunfish, fathead minnows, goldfish, black bull
heads, western chorus frog, and Fowler's toad. The 
rankings should be viewed only as general trends, 
since not all species were tested with all chemicals, 
and all the chemicals tested were insecticides. The 
overall trends for species sensitivity were, however, 
consistent with those found for family and class 
groupings. 

.Among 82 chemicals tested with 6 or more (up to 
42) species, the highest toxicity values within a 
chemical averaged 256 x the lowest, and ranged frc-.i 
2.6 to 166,000 X. Average differences were largest 
for insecticides <868x; range, 5.0 to 166,000x), 
followed by herbicides, fungicides, and other 
pesticides (i, 33x*, range, 2.6 to 438x); the few in
dustrials wore lowest 8.8 x; range, 3.6 to 127 x). 

The four forms most commonly tested (Daphnia 
magna orD. pulex, rainbow trout, fethead minnows, 
and bluegills) were compared with each other in tests 
of 40 chemicals in which all four were tested 
together. Daphnia was the most sensitive 58% of 
the lime, followed by rainbow trout (35%), bluets 
(5%), and fathead minnows (2%). Sensitivity was 
greatly increased in combinations of Daphnia and 
rainbow trout only in that one of the two species was 
the most sensitive 93% of the time; in the remain
ing 7%, fathead minnows and bluegills were the 
most sensitive. However, the rainbow trout was 
always the next most sensitive species, and the 
LCSO's were never significantly different ̂ m those 
of fathead minnows and bluegills. 

Kenaga (1978) reported that no aquatic species 
was always the least or most sensitive for the 
42 compounds he evaluated with rainbow trout, 
fathead minnows, and bluegills. Blanck et al. (1984), 
who tested 18 chemicals and an industrial 
wastewater with 13 green algae, showed that dif
ferences in sensitivity among species within a 
chemical may be as high as a factor of 2,000. Blanck 
(1982) concluded that no algal species of the IS 
tested was generally sensitive or generally insen-
cdfive to all chemicals, and that even within a group 
of organisms such as it is i, fiposrnble to select 

a test species with a sensitivity representative of 
that group. Mount (1982) basicily agreed with tl>i5 
assessment when, on the subject of suiTOgaie 
species, he wrote: 

The point is that we have ample data to prove 
that a ̂ >ecies can only repre^nt itself con^^tent-
ly and not a group. 

However, species can be riewed as indicators 
of sensitirity in quite a different way. V/e can see 
that species sensitivity (LC50 or LDDO) distrib
utes itself in a rather consistent way for most 
chemicals. The distribution resembles a log no^ 
ma) one. We can then take the approach of sam
pling this distribution in order to predict the 
range about the mean. IWs is in re^itj' our ob
jective. Thus, each species we test is not repre
senting any other species but is one estimate of 
gener^ species sensitivi^. With several such 
estimates, die overall range of sensitivity for all 
species can be determined. Our problem Is to 
Imow how many spedes and what type of species 
to test to adequately represent the whole range. 

.Birge and Black (1982) also agreed with this concept, 
and further stated that with as few ^ three or no 
more than five aquatic species, it should be possible 
to establish a "biologicd response range." Blanck 
et al. (1984) reported that toxicity values for 3 algal 
species (randomly selected from the 13 studied) 
would be within two orders of magnitude of the most 
sensitive algae tested for 95% of the chemicals, and 
that a 5-spedes group would increase predicdveness 
to 99% of the chemicals. Although Moimt (1982) 
maintained that species must be randomly chosen, 
he found that for most chemicals, the five most com
monly tested species (Daphnia magna, Gammams, 
rainlraw trout, fathead minnows, and bluegills) 
represented a large part of the range of sensitivity 
of all species tested. 

The many chemicals requiring hazard assessment 
and the lack of testing ca]^ilities to quickly screen 
such an array of chemicals may require an effective 
toxidty screening process within a short time, as op
posed to the "Surrogate Spedes Cluster Concept." 
This assessment is further complicated by the many 
new chemicals marketed each year (Maid et al. 
1979). Kenaga (1978) proposed methods for early 
assessment of acute toxicity of chemicals to aquatic 
organisms, which were fiirther expanded by Doherty 
(1983). Kimerle et al. (1983) analyzed an approach 
used by the Organization for Economic Cooperation 
and Development and the U.S. Environmental Pro
tection Agency that includes only two or three 
q>edes->a daphmd, a fish, and possibly an alga. This 
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latter approach is discussed first, based on our data. 
Kimerle et al. (1983) compared the lowest LC50 

of the four most commonly tested species to the 
LC50 of other species tested within 82 dienucals by 
orders of magnitude. Daphnids {Daphia vioffna or 
D, pulex, or both), rainbow trout, fafiiead minnows, 
or bluegills were within an order of magnitude of 
the most sensitive species 76, 74,47, and 52% of the 
time, and within two orders of magnitude 93,91,74, 
and 70% of the time, respectively. Combinations of 
the three fish species did not improve the percent 
of chemicals induded within one and two orders of 
magnitude. However, daphnids in combination with 
one of the three fish species (69 to 81 chemicals) 
greatly improved the frequenty: 90% of the chem
icals were within one order of magnitude of the 
lowest LC50 vajue and up to 98% were within two 
orders of magnitude. 

The four main species were tested together with 
40 chemicals (6 to 42 species per chemical) in our 
data, and the LC50 comparisons generally agreed 
with those of ICmerle et al. (1983). Daphnids 
(Papknia vujgna OTD. pvlex), raintew trout, fathead 
minnows, and bluegills were within an order of mag
nitude of the most sensitive species 75, S5,28, and 
38% of the time and within two orders of magnitude 
90, 65, 58, and 72% of the time, respectively. The 
testing of daphnids in combination with one of the 
three fishes increased the fi*equency to 85% within 
one order of magnitude and 98 to 100% within two 
orders of magnitude. More specifically, the exact 
orders of magnitude to include the most sensitive 
species tested 100% of the time within the 40 
chemicals we examined were 1.40 (25x) for daphnid-
rainbow trout combinations, 2.05 (112 x) for 
daphnid-fathead minnows, and 1.87 (74 x) for 
daphnid-bluegills. In other words, one could divide 
the lowest of the two LCSO's for daphnids and rain
bow trout by 25 to obtain an estimate of an LC50 
that would include the "most sensitive" species, 
based on the 6 to 42 species examined. The value 
for daphnid-fathead minnows was 112 and that for 
daphnid-bluegills was 74, The values that included 
the most sensitive species 95% of the time for the 
three combinations of species were 15 for daphnid-
rainbow trout, 46 for daphnid-fathead minnows, and 
28 for daphnid-bluegills. 

As attractive as it may seem, the use of specific 
factors can lead to overestimation of the toxicity for 
the most sensitive species with some chemicals. The 
daphnid-rainbow trout combinations were examined 

thoroughly within the 40 chemicals, since in the few 
tests where LCSO's for fathead minnows or bluegills 
were below those for daphnids or rainbow trout, the 
differences were not statistically significant. Other 
species were more sensitive tlum daphnids or rain
bow trout to 27 of the 40 chemicals tested-K)nly 0.5 
order of magnitude difference in toxicity values in
cluded 59% of the 27 chemicals, aiid one order of 
magnitude included 85%. However, LC50's of the 
most sensitive species were significantly less than 
those of daphnids or rainbow trout in 11 of the 27 
chemicals. No particular cheimcal type was repre
sented by the 11 compounds (aldrin, benomyl, DDD, 
fenitrothion, fenvalerate, fluridone, heptachlor, lin
dane, permethrin, Pydraul 50E, and terbufos) ex
cept that eight were insecticides. The q>ecie.s haNing 
values (n) significantly less than those of Dapknia 
or rainbow trout were Gammarus (6), Orconect^s 
nais (1), Piercmarcys califomica (2), Chironomus 
pluTTiosus (1), coho salmon (1), and channel catfish 
(1). If an amphipod (Gam7mi7*us) was included in the 
comparisons as a test species, as suggested by 
Mount (1982), the number of chemicals having a 
species LC50 significantly less than that for daph
nids, amphipods, or rainbow trout was five (12%). 
The most sensitive species for those five chemicals 
(Aldrin, benomyl, fluridone, heptachlor, and Py
draul 50E) represented no one particular taxonomic 
group; they were Orconectes nais, Pteronarcys 
califo'.'nica, (^iroiiomusplumosus, coho salmon, and 
chaimel catfish. 

An £q)proach by Doherty (1983) and Kenaga (1978) 
was to correlate the LG50's of one species against 
another for all chemicals tested with those two 
species, by regression analyses. They each used four 
species of freshwater organisms (Dapknia magna 
or D. pulex, rainbow trout, fathe^ minnows, and 
bluegills) in their correlations. The correlations were 
good in Doherty's study (r » 0.89 to 0.97), indicating 
that the LG50 of one species can be estimated by 
the substitution of the LG50 of another species in 
appropriate regression equations. Kenaga found 
that correlations within the three fish species were 
also good (r » 0.85 to 0.99), but the correlation with 
Dapknia and rainbow trout was poor (r « 0.56) with 
95% confidence limits of 2.2 to 3.3 orders of mag
nitude. We also found that the toxicity values for 
D. magna did not correlate well with those for other 
spedes (Table 1). This observation with daphnids 
confirms those by Kenaga 978) and LeBlanc 
(1984)—all tliree data sets consisted of all or mostly 
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Table 1. Zntet'specieg correlations^' for acute static LC5Q'fi (ng/L) with Daphnia magna. 

Species n 
Intercept 

(a) 
Slope 

(b) y±95% CL 

Correlation 
coefficient 

(r) 
Dapknia puifix 8 3.031 0.156 3.566±0.497 0.21 
Simocepkalus serrulaius 9 2.346 0.395^ 3.690 ±0.822 0.70 
Asellus brevicaudus 5 12.035 -1.963 4.581 ±1.231 0.83 
Oamimrus fasciatus 14 1.876 0.611^ 4.289 ±0.457 0.82 
Gamvumis pseudolimnaeus 18 -0.462 I.OIO*' 4.912±0.271 0.95 
Claassenia sabulosa 5 6.949 -0.999 3.147±0.761 0.78 
PteronaruUa badia 7 2.597 0.220 3.497 ±0.491 0.35 
Pteronarcys ealifomica 10 1.475 0.667'' 4.151 ±0.938 0.65 
Chironomus plumosus 25 0.802 0.846'' 5.527±0.300 0.86 
Coho salmon 8 7.056 -0.531 4.969±1.511 0.36 
Gutihroat trout 7 4.943 0.265 6.061 ±1.159 0.43 
Rainbow trout 31 3.208 0.428'' 5.338 ±0.387 0.54 
Goldfish 6 9.212 -0.941 5.981 ±1.578 0.4S 
Common carp 5 10.494 -1.480 5.590±2.032 0.67 
Fathead minnow 26 4.743 0.236 5.890 ±0.478 0.32 
Black bullhead 5 10.367 -1.402 5.723 ±2.529 0.56 
Channel catfish 31 5.306 0.095 6.776 ±0.434 0.12 
Green sunfisb 6 7.652 -0.591 5.624 ±1.689 0.31 
Bluegill 31 3.140 0.488'' 5.480±0.432 0.60 
Largemouth bass 6 9.548 -1.326 5.013 ±1.625 0.60 
Fowler's toad 5 7.092 -0.438 5.405 ±0.495 0.65 
Western chorus frog 5 7.165 -0.414 5.724 ±0.606 0.73 
•Log Y - a+6(loS-^)j Y • LC50 for other spedes, X - LC50 for/JopAnia magTta. 
Significantly dificrent from zero (P < 0.05). 

pesticides. The data o;f Doherty (1983) covered a 
broader range of chemical types. 

For our data, correlations of toxicity values for 
rainbow trout, fathead minnows, or bluegills were 
good with those of some invertebrate species, better 
with those of other fish species, but best with those 
of other species within the same family C-Tables 2 
through 4). This general trend was also observed by 
LeBl^c (1984) and Suter and Vaughn (1985), who 
concluded that the more distant the relationship be
tween two species, the more different their re
sponses to chemical toxicity. Although toncity of a 
<^emical for one species can be predicted from the 
known toxicity of another, it must be remembered 
that correlation is not necessarily the same as causa
tion in regression analyses, and that the error of 
estimation in correlation can therefore be large. 

In initial hazard assessment testing tiers, Doherty 
(1983) concluded thatfl. magna should be the species 
of choice; Kenaga (1978) recommended a daphnid 
and a fish species; and Kimerle et al. (1983) recom-
meiided an alga, a daphnid, and a fish. Considering 

these studies and the present data, Daphnia and 
rainbow trout appear to be the first two taxa of 
choice for estimating freshwater animal sensitivity 
to chemicals in a first tier of testing. Other fish 
species could be used, but rainbow trout appeared 
to be the most sensitive overall. When a small 
margin of safety exists (less than one order of mag
nitude) between the e}q>ected or measured environ
mental concentration of a chemical and its acute 
toxicity, a more extensive data base is justified. As 
judged by our data, the inclusion of tests with am-
phipods and posably stoneflies is indicated, to better 
approximate the toxicity for the most sensitive 
animal species. 

On the basis of the work of Kimtrle et al. (1983) 
and Blanck et al. (1984), algae should be further in-
vestigated as a third possible species for first tier 
testing. Additionally, interspecies correlations and 
other statistical and mathematical approaches must 
be expanded to include freshwater and maiine 
species, and both the common and uncommon test 
species for which data exist. 
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Table 2. Interspecies correlaiwns^ for acute siaiic LCSO's (ng/L) with rainbow trout. 

Species n 
Intercept 

(a) 
Slope 

(6) y±95% CL 

Correlation 
coefficient 

(r) 

Dapknia moffTia 31 1.299 0.687'' 4.961 ±0.493 0.54 
Daphnia ptdex 34 2.868 0.408'' 4.502 ±0.492 0.35 
Simocepkalvs 86rnUa}.us 35 2.979 0.298 4.555 ±0.502 0.25 
Cypridopsis vidua 9 1.165 0.703'' 4.39D± 0.311 0.B5 
AseUus brevicaudxis 15 0.858 0.841'' 4.854 ±0.398 0.80 
Gamtnarus faseiatus 4.5 2.635 0.424'' 4.855 ±0.397 0.36 
Gammarm laeustris 19 2.219 0.357 4.121±0.489 0.44 
GammarTis pseudolimnaeus 22 -0.968 1.067'' 6.245±0.443 0.83 
Clamsenia sabulosa 10 1.296 0.434'' 3.222±0.846 0.74 
PteronareeUa hadia 12 0.760 0.560'' 3.729 ±0.329 0.90 
Pieronarcys califomica 42 0.990 0.632'' 4.266 ±0.363 0.55 
Chironomus plumosus 24 -0.135 0.960'' 6.442±0.411 0.74 
Coho salmon 24 0.022 0.985'' 5.441 ±0.248 0.95 
Chinook salmon 7 0.212 0.962'' 6.047±0.284 0.98 
Cutthroat trout 18 0.726 0.894'' 5.803±0.178 0.96 
Atlantic salmon 11 -0.163 1.02&' 6.667±0.337 0.95 
Brown trout 14 -0.02;i 1.019'' 5.478±0.165 0.98 
Brook trout 11 -0.804 1.130" 5.697±0.186 0.98 
Lake trout 8 0.654 0.872" 5.627±0.184 0.99 
Goldfish 16 1.258 0.878" 5.508±0.463 0.86 
Common carp 8 1.511 0.832" 5.734 ±0.824 0.78 
Fathead minnow 61 0.796 0.918" 5.961 ±0.134 0.94 
Black bullhead 8 2.203 0.708" 5.553 ±0.972 0.79 
Channel catfish 78 1.891 0.802" 6.906±0.160 0.82 
Green sunfish 13 1.137 0.849" 5.408±0.255 0.96 
Bluegill 101 0.135 1.005" 5.800 ±0.084 0.96 
liurgemouth bass 15 0.258 0.983" 5.611 ±0.339 0.96 
Yellow perch 11 1.236 0.834" 5.Sgi±0.366 0.94 
Fowler's toad 12 3.563 0.456" 5.537 ±0.337 0.70 
Western chorus froe 10 3.796 0.448" 6.904 ±0.300 0.85 

•LogY « o+60oglf);y - LC50 for other ^)ecies, X - LC50 fori-ainbow trout. 
''Significantly different from zero (P < 0.05). 

Families. The relative sensitivity of 34 families 
of aquatic organisms tested with 203 chemicals 
varied greatly. The maximum number of families 
(15) was test^ with DDT, endrin, and malathion; 
they are listed here in descending order of sensi
tivity: Perlidae, Pteronarcidae, Gammaridae, Daph-
nidae, Centrarchidae, Palaemonidae, Salmonidae, 
Astacidae, Cypridae, Asellidae, Ictaluridae, Cyprini-
dae, Rhagionidae, Bufonidae, and Hylid^. How
ever, some of the families were represented by only 
one species and others by many. A more complete 
representation might change the ranking. Although 
additional comparisons with smaller numbers of 
families and greater numbers of chemicals altered 

the ranking to seme degree, the overall trend was 
maintained (e.g., insects were the most sensitive, 
followed by crustaceans, fishes, and amphibians). 

Sensitivity of crustaceans was evaluated with six 
families and five insecticides, and four families and 
nine chemicals (eight insecticides and one herbicide). 
Gammaridae were the most sensitive to the five in
secticides (carbaryl, DDT, endrin, malathion, and 
methoxychlor), followed by the Palaemonidae, Daph-
nidae, Astacidae, Cypridae, and Asellidae. Sanders 
(1970) found a different order of sensitivity wth 
herbicides, reporting thai Daphnidae were the most 
sensitive, followed in descending order by Cypri
dae, Palaemonidae, Asellidae, Gammaridae, and 
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Table 3. Interspecies correlation^ for acute static LC50's (ng/L) with fathead mintwws. 

•^1* 

Species n 
Intercept 

(a) 
Slope 

ib) f ±95% CL 

Correlation 
coefficient 

ir) 
Daphnia Ttiagna 26 2.241 0.442 4.841 ±0.636 0.33 
Daphnia pulex 22 5.741 -0.313 3.996 ±0.537 0.34 
Simoceph^uA serrulatvs 22 5.969 -0.336^ 4.054±0.455 0.43 
Cypridopsis vidua 8 2.649 0.314^ 4.253±0.381 0.73 
AseUus brevieauduA 11 1.44G 0.567'' 4.511±0.404 0.82 
Gammarus fasdatus 24 4.744 -0.086 4.270±0.512 0.10 
Gammarus laeustris 14 3.10? 0.167 4.052±0.457 0.34 
Gammarus pseudnlimnaeus 14 -1.911 1.123'' 5.060±0.690 0.80 
Claassenia sabulosa 9 1.692 0.303'' 3.274 ±0.407 0.71 
Pteronareella badia 11 1.859 0.286'' 3.434±0.180 0.87 
Pteronareys califomica 27 2.012 0.326'' 3.837±0.413 0.42 
Chironomus plumosus 18 -0.888 1.082'' 5.651 ±0.551 0.73 
Goho salmon 17 -0.856 1.038" 5,249 ±0.308 0.96 
Cutthroat trout 13 -0.559 1.001'' 5.731±0.471 0.86 
Rainbow trout 61 -0.090 0.947'' 5.555 ±0.126 0.95 
Atlantic salmon 10 -1.772 1.198'' 5.736 ±0.322 0.96 
Brown trout 9 -2.225 1.259'' 5.656±0.571 0.88 
Brook trout 11 -1.329 1.134'' 5.697±0.421 0.92 
Goldfish 19 0.572 0.924'' B.732±0.189 0,97 
Common carp 8 -0.040 0.988'' 6.734 ±0.365 0.96 
Black bullhead 8 1.411 0.767'' 5.553±0.664 0,91 
Channel catfish 48 0.954 0.832'' 5.865 ±0.185 0.88 
Green sunfish 12 0.695 0.842'' 5.472 ±0.333 0.95 
Bluegill 62 0.018 0.954'' 5.675 ±0.148 0.93 
Tjorgemouth bass 15 -0.433 0.972'' 5.370±0.423 0.93 
Yellow perch 7 -0.110 0.967'' 5.229± 0.322 0.99 
Fowler's toad 12 5.075 0.087 5.492 ±0.399 0.16 
Western chorus frog 9 4.776 0.192 5.733 ±0.391 0.50 
*Log y • a+6(Iog Xy, Y • LC60 for other spedes, X • LC50 for fathead minnows, 
'^igrificantly different from xero (P < 0.05). 

-xSf.*-

Aatacidae. The nine-chemical comparison resulted 
in a similar trend of decreasing sensitivity, in the 
following order; Gammaridae, Daphnidae, Cypridae, 
and Asellidae. The Cypridae and Asellidae were 
significantly more sensitive than Daphnidae only to 
lindane. The Streptocephalidae were tested only 
with phosmet; the LC50 was higher than tliat for 
the o^er invertebrates tested, but below the range 
of LCbO's for fishes. 

Among families, insects were generally the most 
sensitive, due to the high sensitivity of stoneflies 
(Perlidae, Perlodidae, and Pteronarcidoe) and one 
family of mayflies (Baetidae). The LCSO's for spedes 
in other families of insects (Ephemeridae, Coena-
grionidae, Gomphidae, Hydropsychidae, limnephi-

lidae, Culicidae, Rhagionidae, Tendipedidae, and 
Tipuhdae) were within the range of (or generally not 
statistically significant fi^m) the invertebrate and 
vertebrate families more commonly tested. How
ever, the LC50's for Tendipedidae were significantly 
less than those of other families tested within a 
chemical for iluoridone, metolachlor, oxamyl, pipero-
nyl butoxide, and Santicizer 148. 

Macek and McAllister (1970) reported on the sen
sitivity of fishes to nine insecticides: the Cyprinidae 
and Ictaluridae were the least sensitive, the Cen-
trarchidae were intermediate, and the Salmonidae 
were the most sensitive; the Perddae ranked be
tween the Centrarchidae and Salmonidae, In the 
present study, in tests with the four main fish 
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Species n 
Intercept 

(a) 
Slope 

(6) y±95% CL 

Correlation 
coefficient 

(r) 

Dapknia magna 31 0.649 0.745^ 4.785±0.529 0.61 
Daphnia pulex 25 3.081 0.242 4.S39±0.640 0.19 
Simoceph^us serrulaius 27 3.422 0.186 4.414±0.612 0.16 
Cypridopsis vidua 7 1.767 0.593'' 4.2S5±0.541 0.76 
Asellus brevicaudus 13 0.607 0.887'' 5.053 ±0.472 0.86 
Gammarm faseiaius 47 1.863 0.546'' 4.774±0.361 0.49 
Gammarus lacualris 19 2.436 0.306 3.992±0.511 0.40 
Gammarus pseudoUmnams 22 -1.117 1.040'' 5.220 ±0.386 0.87 
Procambarus sp. 5 1.465 0.701 5.589±1.497 0.70 
Claasaenia sabidosa 10 1.580 0.368'' 3.222 ±0.330 0.77 
Pteronarcella badia 12 1.724 0.392 3.680 ±0.546 0.57 
Pteronarcya califoriiica 40 0.514 0.732'' 4.430±0.398 0.63 
Chironomus plumosus 25 0.649 0.811'' 5.458 ±0.430 0.72 
Coho salmon 24 0.222 0.933'' 5.155±0.233 0.95 
Chinook salmon 5 -0.511 1.083'' 5.788 ±0.285 0.99 
Cutthroat trout 22 0.692 0.876'' 5.696 ±0.229 0.90 
Rdnbow trout 101 0.440 0.898'' 5.635±0.079 0.96 
Atlantic salmon 13 -0.229 1.028'' 5.426±0.214 0.98 
Brown trout 14 -0.691 1.141'' 5.323 ±0.251 0.94 
Brook trout 11 -0.886 1.139'' 5.728 ±0.337 0.95 
Lake trout 11 0.237 0.903'' 5.004±0.197 0.98 
Goldfish 17 1.295 0.846'' 5.644±0.460 0.84 
Common carp 8 1.951 0.746'' 5.734 ±0.787 0.80 
Fathead minnow 62 0.947 0.883'' 5.931 ±0.152 0.92 
Black bullhead 8 1.696 0.798'' 5.553±0.883 0.85 
Channel catfish 75 1.918 0.713'' 5.870±0.171 0.78 
Green sunfish 15 0.999 0.881'' 5.486±0.195 0.97 
Largemouth bass 15 0.051 1.003'' 5.408±0.233 0.98 
Yellow perch 12 0.078 1.029'' 5.167±0.432 0.91 
Fowler's toad 11 3.996 0.375 5.523 ±0.400 0.44 
Western rhorus frog 9 4.412 0.297 5.733 ±0.339 0.66 

•Log Y - c+tiOogX); Y - LC50 for other species, X - LC50 for bluegilla. 
Significantly different from zero (P < 0.05). 
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families and 65 chemicals, Salmonidae were the most 
sensitive, followed by the Centrarchidae, Ictaluridae, 
and Cyprinidae—a ranldng that confirms the obser
vations of Macek and McAllister (1970). However, 
Percidae ranked between Centrarchidae and Ictalu
ridae when tests of all five families with 18 diemicals 
were compared. Five of the six LC50*s for Esocidae 
were below those of five otiier families (Centrar
chidae, Cyprinidae, Ictaluridae, Percidae, and 
Salmonidae), but the difference was significant only 
for azinphos methyl. In the few tests conducted wifij 
fish of other families, the LCBO's for Poeciliidae 

were within the range for the other families tested 
and those for the Cichlidae were generally greater, 
but not significantly so. Only 38% of the fish tests 
with 65 chemicals showed significant differences 
among families, and 76% of those differences were 
between cyprinids and salmonids. 

When test data from seven major families tested 
with 20 insecticides and 1 berbidde were compared, 
invertebrates were the most sensitive 95% of the 
timo. The Pteronarcidae were the most sensitive, 
followed by Daphnidae, Gammaridae, Salmonidae, 
Centrarchidae, Ictaluridae, and Cyprinidae. 
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Classes. No one dass was always the most sensi* 
tive or always the least sensitive. Overall, sensitiv
ity to 165 chemicals decreased in the following order: 
Insecta, Crustacea, Osteichthyes, and Amphibia. 
These four classes occurred together in tests of 16 
chemicals; Insecta were the most B?.nsitive 50% of 
the time, followed by Crustacea (31%), Osteichthyes 
(19%), and Amphibia (0%). The comparisons were 
not balanced, since the Crustacea were represented 
by 12 species, Insecta by 21, Osteichthyes by 30, and 
Amphibia by 2. In otlier studies (Birge et al. 1980; 
Black et al. 1982), amphibians (pickerel frog, Rana 
palustris; African clawed frog, Xenopus laevis; 
Fowler's toad) were as tolerant as cyprinids, where
as the leopard frog (A. pipieiis) and European com
mon fix5g (K. temporaria) were as sensitive as 
salmonids. However, we believe that the overall 
trend would not be greatly changed by the addition 
of more species. In comparisons of Crustacea, In
secta, and Ostdchthyes tested with 85 chemicals, the 
Insecta were the most sensitive 49% of the time, 
followed by Crustacea (27%) and Osteichthyes 
(24%). Crustacea were the second most sensitive 
51% of the time, and Osteichthyes the least sensi
tive 55% of the time. Analysis of variance indicated 
that toxicity was not significantly different among 
classes for 32 of the 85 chemicals examined: 2 fiuigi-

"ddes, 9 herbicides, 7 industrials, 12 insecticides, 
1 moilusdcide, and 1 surfactant. 

Frequency Distribution of Chemical Toxicity 
Frequency distiibutions of ECSO's and LCSO's 

tended to be bimodal for many spedes—the toxidties 
of insectiddes were mainly in the <100 pg/L cate
gories, and those of herbicides, fungicides, in-
dustrids, and otlier chemicals were in the >1,000 
fig/L categories (Fig. L4-1D). The lower mode con-
tmned almost all of the insecticides tested with in
vertebrates, whereas among fishes, insectiddes 
were spread over more of the toxidty range. Insec
tiddes occurring in the lower modes of fishes were 
mainly botanicals and organochlorines plus some 
carbamates and organophosphates. The distribution 
of chemical toxidties in larval frogs and toads was 
similar to that for fishes, within the confines of tlie" 
few chemicals tested against amphibians. For all in
vertebrates and fishes, the higher mode consisted 
mainly of herbiddes and industrials. The trends 
were the same as those found by Kenaga (1978); in
secticides are generally more toxic to animals than 
are herbicides. 

Frequency distributions of EC50's and LCSO's 
among spedes (352 chemicals, 61 spedes) langed 
over nine orders of magnitude, and 90% feU within 
five orders of magnitude (Fig. IE). For all the com
pounds tested within a class, the ranges of EC50 or 
LC50 values were eight orders of magnitude for 
Crustacea, seven for Insecta, nine for Osteichthyes, 
and four for Amphibia (Fig. IE). The frequency 
(hstributions for classes were similar to those for 
species, in that they were bimodal rather than nor
mally distributed for Crustacea, Insecta, and Os
teichthyes. The frequency was highest in the low 
mode (1.0-10 pg/lO for Insecta and in the high mode 
(1,000-10,000 pg/L) for fish; for Crustacea, frequen-
des in the two modes (10-100 and 1,000-10,000 
pg/L) were about equal. The chemical distribution 
was similar to that for species, in that insecticides 
were mainly in the first mode and herbicides, in
dustrials, emd others in the second mode. However, 
insectiddes were spread more evenly over the en
tire range of chemical toxidties for Insecta and 
Osteichthyes. 

If large variations in spedes response to a variety 
of chemicals is desirable for differentiating between 
toxidties of compounds (Kenaga 1978), we can make 
recommendations for test spedes.-Various chemical 

"toxidties ranged over seven orders of magnitude for 
Daphniamo^, D. pulex, Gammarusfasciaivs, and 
G. pseudolimnaetts; for ^ other invertebrates this 
range was six orders of magnitude or less. The range 
was nine orders of magnitude for rainbow trout and 
eight orders of miignitude for coho salmon, fathead 
minnows, and bluiigills. The orders of magnitude for 
all other fish and amphibians ranged fn>m three to 
seven. However, the data may be somewhat mis
leading, since not all spedes were tested with all 
chemicals. Also, an upper limit of testing (100-1,000 
mg/L), though appropriate, may have reduced the 
full range of toxidties for generally less sensi
tive spedes. 

Static and Flow-through Tests 
The data set consisted of 123 paired static and 

How-through tests with 41 chemicals. Ratios of static 
to flow-througdi tests (96-b LCSO's) used for analyses 
ranged from 0.12 8.5 (mean, 2.0). The ratios 
varied considerably tunong chemicals, but the vari
ation was generally as great among species within 
a chemical. Static were more than 1.5 x 
those of flow-through tests 63% of the time, and no 
differences (ratios of 0.i5-1.5) were observed in 37% 
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Fig. 1. Distribution of various chemical toxicities within 
spedes and classes, and among all species. Vertical axis 
- percent frequency of ECbO's or LCSO's occurring 
within a toxicity range, and horizontal axis - toxicity 
range. A. Crustaceans: Dap^nia mo^rna (49 tests, 46 
chemicals), D. jntlex (42 tests, 42 chemic^s), 
Simooephalm icrruiotus (62 tests, 43 chemicals), Gam-
marmfasciatus (81 tests, 79 chemicals), G, psewdoKw-
wMus (28 tests, 28 chemicals). B'. Insects: Ptcronarcys 
ooitl/omtca (69 tests, 57 chemicals), CWrottomus 
piumosus (36 tests, 85 chemicals). C. Fishes: r^bow 
trout (286 tests, 184 chemicals), ikthead minnows (116 
tests, 89 chemicals), channal catfish (128 tests, 107 
chemicals), bluegills (277 tests, 168 chemicals), yellow 
perch (26 tests, 16 chemicals). 
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Fig. 1. Continued. D. Amphibians: Fowler's toad (15 
tests, 14 chemicals), western chorus frog (10 tests, 10 
chemicals). E, Clas^ and among all species: Crustacea 
(333 tests, 139 chemicals, 12 species), Insecta (1521^, 
91 chemicals, 20 species), Osteidithyes (1,144 tests, 253 
diemlcals, 26 spedes), ̂ plnbia{25 tests, 17 chemic^, 
2 species), among all spedes (1,656 tests, 362 cliemicals, 
61 spedes). 

T 1 n 
!«». «MW® 
i«n moD 

Chemical Toxicity 
(LCSOorECSOhiipl.) 

of the tests. The observation that 10% of the ratios 
were <0.5 could indicate that degradation or hy
drolysis products more toxic tlian the parent win-
pounds were being tested under static conditions. 

The eight organocblorine insectiddes had one of 
the Wghest average ratios (2.5; ra^e, 
expected, but the six pyretiirins and pyrethroids 
the same average ratio (2.5; ran^, 0.51-8.5)—which 
was not expected. However, dnce the toxicity of 
pyrethrins and pyrethroids did not decrease with 
aging (Tables 5 and 6), these chemicals may be some
what persistent, having a higher static to flov/-

through ratio, as organocblorine inwctiddes do. The 
ratios for four carbamate insectiddes (1.8; *^6®' 
0.12-3.8) and nine organophosphate insectidaw 
(1.9; range, 0.27-7.5) were similar to those of me 
two fungiddes (2.1; range, 0.75-3.6); the ratios for 
nine herbiddes (1.4; range, 0.32-3.3) and 
dustrial compounds (1.4; range, 0.83-2.4) tested 
were not different from each other. 

It was previously reported that static toxjoty 
values can be multiplied by 0.71 to estamate values 
for flow-throu^ tests (U.S. Environmental Protec
tion Agency 1979). The factor of 0.71 was based on 
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the geometric mean of values for 24 pairs of tests 
on 12 chemicals. Our data for 123 tests and 
41 chemicals indicate an average factor of 0.51, 
which varies with chemical type. The use of the fac
tor of 0.51 would only be a crude estimate, however, 
since the ratios of static to flow-through 96-h LC50*s 
varied by 1.8 orders of magnitude. 

Aged Test Solutions 
The biological activity of a toxicant, which is 

responsible for the killing power, decreases as the 
toxicant is deactivated biologically and chemically 
over time (Marking 1972). In the absence of ade
quate analytical methods to measure the half-life of 
some chemicals in water, Marking (1972) outlined 
an appropriate bioassay method. His method does 
not differentiate between chemical degradation, 
physical removal, and biological inactivation, but 

15 

does estimate tlie total activity of a chemical and its 
degradation products, except as the chemical is re
moved. The deactivation index, derived by Marking 
and Dawson (1972) is obtained by dividing the LC50 
of an aged test solution by the LC50 of a fresh test 
solution, and determines both decreases and in
creases in biological activity. 

To determine how often the toxicity of an aged 
test solution differed &om that of a fresh solution, 
we established a data set with 46 tests on 22 
chemicals. Data for dinoseb, glyphosate, mexacar-
bate, picloram, pyrethrins, and pyrethroids (Table 5) 
were previously published by Folmar et al. G979), 
Mauck et al. (1976,1977), and Woodward (1976). 

Although toxicity increased in some fish species 
and decreased in others within the same chemical 
(e.g., aminocaib, fenitrothion, and glyphosate), it ap
pears that deactivation indices between about 0.5 

Table 5. Toxicity (96-k LC50, mglL) of pesticides in fresh and aged solutions to aquatic organisms in soft 

nm- •»"«» 

esdo. The 
.8; range, 
isecticides 

I .ose of the 
J ratios for 
d three in-

12.4) tested 

tic toxicity 
! nate values 
ntsdProtec-

I-as based on 

Chemical — Toxicity of solution Deactivation 
and species PH Fresh Aged 7 days index* 

Aminocarb 
Rainbow trout 7.2 0.14 0.12 0.86 
Atlantic salmon 7.5 2.4 3.5 1.46 
Brown trout 7.5 17 8.6 0.51 
Bluegill 7.2 0.24 0.24 1.00 

Carbaryl 
Isogenus sp.*" 7.5 0.004 0.007 1.75 
Cutthroat trout 7.3 6.8 4.0 0.59 

2,4-D butyl ester 
Cutthroat trout 7.4 0.67 0.98 1.46 
Lake trout 7.4 0.72 l.S 1.81 

2,4-D dimethylamine salt 
Fathead minnow 7.4 760 760 1.00 

2,4*D dodecyl/tetradodecyl 
amine salt 
Fathead minnow 7.4 9.1 2.2 0.24 

2,4-D propylene glycol 
butyl e^er ester 
Cutthroat trout 7.4 0.49 1.4 2.86 
Lake trout 7.4 1,1 1.4 1.27 

Dimethrin 
7.4 1,1 1.4 1.27 

Bluegil! 6.5 0.024 0.028 1.17 

Dinoseb 
Cutthroat trout 

7.5 
9.5 

7.4 

0.030 
0.029 

0.071 

0.028 
0.034 

0.16 

0.93 
1.17 

2.25 
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Table 5. Continued. 

Chemical 

»T\ ^ Li - J 1^50 aged aolution •Deactjvabon index «• — 
LC50 fresh solution. 

^48-h 1X350. 
^lutions aged 14 days. 
''Solutions aged 4 days. 

Toadeity o! solution Deactivation 
and species PH Fresh Aged 7 days index* 

Diuron 
Cutthroat trout 7.0 1.5 12 8.00 
Rdnbow trout 7.6 3.5 4.2 1.20 
T Ake trout 7.0 2.7 3.2 1.18 

d-trans allethrin 
BlueglU 6.5 0.056 0.040 0.71 BlueglU 

7.5 0.056 0.034 0.61 
9.5 0.060 0.074 1.23 

EPTC 
Cutthroat trout 7.1 16 16 1.00 

Fenitrothion 
1.94 Atlantic salmon 7.5 0.33 0.64^ 1.94 

Brown trout 7.6 2.4 1.7 0.71 
Brook trout 7.5 1.9 1.7 0.89 
Bluegill 7.2 4.3 4.4 1.02 

Glyphosate 
7.6 0.84 I^bow tniut 7.4 9.0 7.6 0.84 

Bluegill 7.4 4.0 5.6 1.40 
Leptophos 

0.038 2.92 l^nbow trout 7.4 0.013 0.038 2.92 
Methomyl 

0.34 0.34 GamTnaruB pseudolimnaeits^ 7.2 1.0 0.34 0.34 
Rainbow trout 7.2 1.4 . 1.5 1.07 

Mexacarbate Mexacarbate 
Coho salmon 7.5 23 15 0.65 
Bluegill 6.5 23 18 0.78 Bluegill 

6.5 4.0 1.0 0.25 
9.5 1,0 0.92 0.92 

Phosmet 
MO'' Chtrtmomujs piumom^ 7.4 3.3 MO'' > 3.03 

Bluegill 7.2 0.39 >10'' >25.64 
Phoxim 

Blu^ill 7.5 1.0 1.0 1.00 
PicJoram 

Cutthroat trout 7.4 5.8 4.8 0.83 
Pyrethrum 

1.61 Bluegill >5.5 0.041 0.066 1.61 Bluegill 
7.4 0.058 0.056 1.06 
9.5 0.087 0.090 1.03 

S'Bioallethrin 
Bluegill 6.5 0.039 0.034 0.87 Bluegill 

7.5 0.033 0.044 1.33 
Trichlorfon 

Cutthroat trout 7.5 1.7 0.47 0.28 
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Table 6. Distribution of toxicity ^lange of pesticides in test solutions aged for 7 days under acute static 
conditions. 

lion 

) 
0 
8 

1 
hi 
p 
no 

94. 
71 
.89 
.02 

1^ 
.40 

|L92 

3.34 
1.07 

10.65 
0.78 
0.25 

I 0.92 

3.03 
I2B.64 

1.00 

0.83 

1.61 
1.06 
1.03 

0.87 
1.33 

0.28 

Pesticide Pesticides 
in) 

Tests 
(n) 

Toxidty change distribution (%)" 
None Decrease Increase 

All chemicals 
All chemicals 

(pH effects removed) 
Herbicides 
Insecticides 

Carbamates 
Oz^anophosphates 
Pyrethrins ^d pyrethroids 

22 
22 

9 
13 
4 
5 
4 

46 
37 

14 
23 
10 
9 
4 

69 
68 

64 
69 
80 
44 
100 

22 
24 

29 
22 
10 
44 
0 

9 
8 

7 
9 
10 
11 
0 

"Change in toddty dii? to aging was determined by the ratio of aged to fresh solutions, and the ratios were categoriied by chsnget 
none, 0.5-1.5; increase, <0.5; decrease, >1.5. 

and 1.5 are probably within the range of normal ex
perimental variation. If this assumption is true, 
aging did not affect chemical toxicity in 69% of the 
tests, decreased it in 22%, and increased it in 9% 
(Table 6). Stability cf the chemicals was indicated 
where no change occurred. The toxicity of aged solu
tions decreased most in herbicides and increased 
most in carbamate insecticides. 

Toxicities of dinoseb, EPTC, glyphosate, and pic-
loram solutions aged for 7 days remained essentially 
unchanged. Although the toxicity of dinoseb 
appeared to decrea&s slightly and that of picloram 
to increase, continued aging and testing beyond 7 
days showed no real change in. toxicity. After 4 
weeks of aging, deactivation indices for dinoseb, 
EPTC, and picloram were 1.22, 1.06, and 1.02, 
respectively. Conversely, diuron and the 2,4-D group 
of herbicides continued to decrease in toxidty after 
3 to 4 weeks of aging. The one exception was the 
dodecyl/tetradodecylamine salt of 2,4-D, which in
creased in toxicity al'ter 7 days of aging. 

Essentially no changes occurred in deactivation 
studies with the carbamate insecticides aminocarb 
and methomyl. Hovrever, tests on Gammarus 
pseudolimnaeus with methomyl indicated some in
crease in toxicity. ExjDosure offish to carbaryl and 
mexacarbate tended to show that the toxicity of 
aged solutions exceetled that of fresh solutions. 
Mauck et al. (1977) reported that mexacarbate 
hydrolyzes to chemicals that are more toxic than the 
parent compound before fiuther hydrolyzing to less 
toxic chemicals. This phenomenon may have been 

the same for cutthroat trout exposed to carbaryl, 
since carbaryl hydrolyzes at pH 7.0 and above in 
aqueous solutions (Aly and El-Dib 1971). However, 
if "hydrolysis products were formed, their toxicity to 
the stonefly Isogenus decreased after carbaryl was 
aged. 

Studies on pyrethrum deactivation demonstrated 
no change in toxicity with aging at pH 7.5 and 9.5, 
but deactivation occurred at pH 6.5. Toxicity of 
dimethrin, s-bioallethrin, and d-trans allethrin was 
undianged. 

The biological activity of the organophosphate in
secticides leptophos (phosphonothioate) and phosmet 
(phosphorodithioate) decreased considerably, where
as that of trichlorfon (phosphonate) increased. The 
responses of fishes to aged phosphorothioates 
(fenitrothion and phoxim) varied, but tended toward 
no change in toxicity. However, Eisler (1970) re
ported that 4 days of aging increased the toxicity 
of another phosphorothioate (methyl parathion) by 
6.6x. 

Deactivation sti;dies are useful for determining 
biological activity of aged solutions of chemicals to 
aquatic organisms, but toxicity changes should not 
be of great concern in acute ^tic tests. Chemical 
toxicity increased (by a factor of 2 or more) only 11% 
of the time and decreased 13% of the time. Toxicity 
never increased by more than a factor of 4; however, 
it decreased by as much an a factor of 25 in one test 
with phosmet, and the solutions were aged for 4 
days—the same duration as that for acute static tox
icity tests. 
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Factors Affecting Toxicity 

Temperature 
The effect of temperature on toxicity of chemicals 

to aquatic organisms was reviewed by Caims et al. 
(1975a,6), Johnson (1968), Sprague (1970), and 
Tucker and Leitzke (1979). Temperature and toxicity 
are positively correlated for most chemicals: toxicity 
increases as temperature increases (positive temper
ature coefficient). Conversely, toxicity of DDD, 
DDT, and methoxychlor are negatively correlated 
with temperature and thus have negative temper
ature coefficients (Tucker and Leitzke 1979). Mauck 
et al. (1976) demonstrated a negative temperature 
coefficient in fishes for pyretiirins and several of the 
pyrethroids as well. 

Differences in toxicity due to temperature have 
been attributed to differences in respiration rate 
(Weiss and Botts 1957), chemical absorption (Wuhr-
mann 1952), and excretion and detoxification of 
chemicals (Sprague 1970). Gammon et al. (1981) 
r-iported that the neurophysiological effects of 
d-trans allethrin on the cockroach (Periplaneta 
americana) are excitatoiy at both high-and-low-
temperatures, the temperatureKiependent differ
ences being in the types of nerves directly affected. 
Both peripheral and central nervous systems are af
fected at 32®C, but only the peripheral system at 
IS^C. Gammon et al. (1981) concluded that the 
negative temperature coefficient of allethrin toxicity 
could be a result of increases in sensitivity of 
peripheral nerves at low temperatures. 

To determine if temperature affects acute toxicity 
in this data base, we conducted covariance analysis 
on 48 chemicals and 90 temperature tests for fishes 
(Table 7). Slopes in 26 tests with 19 chemicals dif
fered significantly fw»m zero. The ratio of the high
est to lowest LC50 within a temperature test aver
aged 9.8 (ratio range, 3,1 to 51) among the 19 
chemicals affected. Temperature coefficients were 
negative for DDT, dimethrin, and methoxydilor. 
There were also negative temperature coefficients 
(tiiougfa not significantly different from zero) for 
pyrethrins and pyrethinids (fenvalerate, permethrin, 
and pyrethrum); however, the coefficient was posi
tive for d-trans allethrin. 

The negative slopes (positive temperature coeffi
cient) were variable, ranging from -0.021^ for 
diuron to - 0.1002 for chlorpyrifos, but were much 
more consistent among S][>ecie5j within a chemical 
and witlnn chemical gi'oupingf). When the slopes 

were compared with each other (Table 7), they were 
never significantly different among species within 
a chemical. Thus, differences were chemically rather 
than biologically specific. The slopes for the car
bamates (aminocarb, caibaiyl, and methomyl) were 
statistic^y similar, as were those for the organo-
chlorines chlordecone and endrin. Among slopes for 
the herbicides, only those for diuron and trifluralin 
differed significi?ntly. The slopes for the oiganophos-
phate insecticides varied to some degree, but the 
variation was reduced by further categorization. 
Among the slopes for phosphorothioates or phos-
phorodithioates, only two (phosphorodithioate) dif
fered; the slope for azinphos-methyl and yellow 
perch was significantly different from that for mala-
thion and bluegills. The slopes for malathion and 
parathion ^hosphorothioate) differed significantly 
from most tests with trichlorfon, a phosphonate. The 
slope for the one orgaricphoq)hate herbicide, mer-
phos (phosphorotrithioate), was not significantly dif
ferent from the slopes of any of the organophosphate 
insecticides. The slopes of the three chemicals ̂ DT, 
dimethrin, and methoxychlor) having negative 
temperature coefficients were also not significantly 

-different from wch o^er. 
The temperature coefficient (Qio) of Tespiration-

generally ranges from 2 to 4, indicating that a 10®C 
rise in temperature increases tlie rate of the reac
tion twofold to fourfold in cold-blooded animals 
(Giese 1968). Although Caims et al. (1375a,6) in
cluded this well-known generalization in their 
review, they did not relate Qio to the effects of tem
perature on chemical toxicity to aquatic organisms. 
The application of the Qj^» concept is appropriate 
and usjeful for biologic effectii, but was originally ap
plied only to rate constants for nonbiotic reactions 
and processes. Thus it should apply to rates of reac
tion of factors that affect bioavailability under static 
test conditions (e.g., hydrolysis, microbial degrada
tion, photolysis, solubibty, sorption-desorption, and 
vaporization). If test concentrations are not mea
sured, as in the present data, bioavailability could 
contribute significantly to temperature effects. In 
regard to the test organisms, the Qjo concept may 
apply not only to the rate of reaction of tlie toxicant 
at tiie 8ite(s) of action, but also to residue dynamics 
within the organism (e.g., upta.ke, metabolism, and 
depuration). We analyzed the slopes (Table 7): • 
determine if the effects of temperature on toxid-,, 
were predictable within djemicals having positive 
or negative ten)perature coefficients, and whether 
the effects were related to the Qio concept. 

BUI mUM 
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Chemical Temperature LC50's LG50 range Intercept Slope'' r2 

and species range ("CJ (n) (idgfL) (a) (6) (%) 

Aminocarb 
Brook trout 7-17 3 2,600-9,400 4.3611 -0.0558 100 
Yellow perch 7-22 4 1,700-11,700 4.4306 -0.0518 94 

Azinphos-methyl 
-0.0820 100 Yellow perch 7-22 3 2.4-40 2.1678 -0.0820 100 

Carbaryl 
Brook trout 7-17 3 680-2,100 3.9842 -0.0645 92 
Yellow perch 7-22 4 1,200-13,900 4.6053 -0.0678 98 

Chlordecone 
Redear sunfish 7-29 5 29-140 2.3558 -0,0304 100 

Chlorpyrifos 
-0.1002 96 Rainbow trout 2-18 4 1.0-51 1.9361 -0.1002 96 

DDI' 
Bluegill 7-29 5 1.6-5.8 0.0282 0.0278 89 

Dimethrin 
Bluegill 12-22 3 21-85 0.6517 0.0601 94 

Diuron 
Bluegill 7-2'^ 5 2,800-9,500 4.2199 -0.0218 74 

Endothall, Aguatho) K 
Blueg^l 7-22 4 343-1,740= 6.6683 -0.0467 86 

Endrin 
Bluegill 7-29 5 0.19-0.73 0.1008 -0.0258 90 

Malathion 
Bluegill 7-29 6 20-87 2.2149 -0.0285 92 

Merphos 
Bluegill 12-22 3 8,000-32,000 5.1043 -0.0546 100 

Methomyl 
Bluegill 12-27 9 430-2,000 3.6418 -0.0394 75 

Methoxychlor 
Brook trout 7-17 12 7.0-30 0.7625 0.0282 42 

Parathion . 
Bluegill 7-29 5 18-400 2.7551 -0.0421 37 

Phosmet 
Bluegill 10-25 8 60-560 3.3188 -0,0664 92 

Phoxim 
Coho salmon 7-17 3 215-1,160 3.5472 -0.0732 98 
Bluegill 12-22 3 82-432 3.5074 -0.0722 100 

'rriclii.')rfon 
Rainbow troub' 7-17 21 190-11,4t^ 3.7995 -0.0696 41 
Atlantic salmon 7-17 3 580-4,100 4.0731 -0.0849 77 
Brook trout 7-17 3 1,100-9,400 4.5889 -0.0932 98 
Bluegill'^ 7-17 9 1,720-50,000 4.8566 -0.0867 50 

Trifluralin 
1,720-50,000 

Rainbow trout 2-18 7 14-330 2.6653 -0.0777 93 
Biuegiii 7-29 8 8.4-400 3.2144 -0.0635 70 

96-h LC50 in jtg/L » o+6 (temperature in ®C). 
^jgnificanUy different from tero (P < 0.05). 

"Combined temperature effecte at four pH's (6.5, 7.5, 8.5, and 9.0). 

BEST niBLE COPY 
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The antilog of the slope in the equation log LC50 
« c+ h (temperature in ®C) is, in essence, a fector 
of change in 95-h LC50 per 1 °C. The slopes (liable 7) 
were multiplied by 10 to derive the log change per 
10°C. The average for the 23 chemicals having 
positive temperature coefficients was 0.6082 (95% 
confidence limits [CL], 0.5140-0.7024). Thus, the log 
96-h LC50 at a 10®C higher temperature can be 
predictc 1 ly subtracting 0.6082 from the log 96-h 
LC50 of an acute test previously conducted, or 
0.6082 would be added for a lO^C decrease ui tem
perature. This is equal to the LC50 increasing by a 
factor of 4.06 per 10®C decrease in temperature, or 
decreasing by a factor of 0.25 per 10®C increase. 
Similar factors for chemicals having negative tem
perature coefficients could be derived if adequate 
data were available. 

The factor 4.06 (95% CL, 3.26-5.04) tends to be 
above the coefficients of 2 to 4 mentioned for the 
Qio concept. Cairns et al. (1975a) stated that tem
perature interactions with organophosphates may 
be very complex due to the change in acetylcholi
nesterase (AChE) activity from temperature alone. 
The results of Hogan (1970) confirmed the increase 
^ 'AChE activity vntii increased temperature for 
bluegills(logAChE - 2.4539+0.0165[°C]orafac-
tor of 1.46 increase per 10®C), and the dopes for the 
organophosphates tended to be greater than those 
for other chamicals (Table 7). The average slope was 
0.7113 (95% CL, 0.5836-0.8390) for organophos
phates done, and 0.4956 (95% CL, 0.3775-0.6137) 
for the remaining chemicals. 

Increased temperature, by accelerating AChE ac-
tavity, may simultaneously increase the rate of 
AChE inhibition by organophosphates. By inspec
tion, the interaction appears to be slightly more than 
additive, but further research is required to better 
delineate that interaction. The carbamates did not 
seem to be affected as much as the organophos
phates, on the average, and this decreased effect 
may be due to differences in modes of action be
tween carbamates and organophosphates in AChE 
inhibition (O'Brien 1967). 

Most reports addressing temperature effects 
.showed that most chemicals, including inorganics, 
were within or approximated a 2x to 4 x increase 
or decrease in LG50 per 10®C change (Cairns et a). 
1975a,6; DeGrr.eve et al. 1980; Hashimoto ajid 
Nishiuchi 1981; Macek et al. 1969; Mauck et al. 1976; 
Sanders 1969; Sanders et al. 1983; Schoettger 1970; 
Schoettgerand Mauck 1978; Smith and Heath 1979; 
Sullivan 1977; Woodward 1976). This observation 

implies that the effect of temperature on 96-h 
LCSO's for fish generally conforms to the Q^o 
concept. 

Although the interactions between temperature 
and toxicity are not completely understood, interim 
approaches can be used to estimate effects. When 
a 96-h LC50 for a chemical has been determined for 
a fish species (96-h LC50x), the following equations 
can be used for estimating the effect of a ±10°C 
change on the 96-h LCSO's of chemicals having 
positive temperature coefficients: 

Organophosphates: 
log 96-h LC502 « log 96-h LCSOi ± 0.7113 

Other chenucals: 
log 96-h LCSOz « log 96-h LC50i ± 0.4956 

Temperature effects on chemicals with negative 
temperature coefficients can also be estimated if the 
temperature coefficient is known. Additional re
search on temperature and toxicity of chemicals to 
invertebrates and structure-activity relations of 
chemicals wth temperature is strongly indicated. 

Hydrogen Ion Concentration (pH) 

Depending on the chemical, the 96-h LC50 either 
Increases or decreases vnth changes in pH (Johnson 
1968; Spra^e 1970; Tucker and Leitzke 1979). The 
toxicity of ionizable organic chemicals (weak acids 
and bases) is greatly affected by pH—increa.ses in 
pH decrease the toxicity of acids but increase that 
of bases (Crandall and Goodnight 1959; Folmar et 
al. 1979; Goodnight 1942; Holcombe et al. 1980; 
Kaila and Saarikoski 1977; Kobayashi and Kishino 
1980; Konemann and Musch 1981; Levy and Gucin-
ski 1984; Marking 1975; Marking and Olson 1975; 
McLeay et al. 1979; Saarikoski and Vilukela 1981; 
Schoettger and Juhn 1969; Sills and Allen 1973; 
Woodward 1976; Zanella 1983). The toxicities dif
fer because un-ionized forms diffuse more readily 
across fish gills (Maren et al. 1968). Ionic pesticides 
such as diquat and paraquat might also be influenced 
by pH (Weber 1972). 

It has been generally believed that carbamates and 
organaphosphates undergo rapid hydrolysis under 
alkaline conditions; therefore, toxicity decreases due 
to the presence of less toxic hydroxylated products 
of the parent compounds. O'Liien (1967) reported 
that orgaiiophosphate hydrolysis products are 
generally poor i^bitors of acetylcholinesterase 
(AChE); however, inhibitoiy potency is not reduced 
in some hydrolysis products, and may even be in
creased (O'Brien 1967; Schoettger and Mauck 1978; 
Tucker and Leitzke 1S79; Woodward and Mauck 
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Chemical LCSO's LCSO range Intercept Slope^ r 
and species pH range (n) O^g^) (a) (b) (%) 

Aminocarb 
Rainbow trout 7.5-9.5 3 5,000-21,000 6.8928 -0.3116 84 
Blueglll 6.5-9.5 4 1,000-10,500 6.4465 -0.3272 84 
Yellow perch S.6-9.0 4 425-7,000 7.5024 -0.5023 69 

Benomyl 
Rjiinl^w trout 6.5-8.5 3 160-880 -0.4856 0.3702 82 
Bluegill 5.5-8.5 3 1,200-6,400 0.5642 0.3461 71 

Carbaryl 
Cutthroat trout 6.5-8.5 3 970-7,100 6.3612 -0.3561 
Yellow perch 6.5-9.0 4 350-4,200 7.5810 -0.5416 80 

2,4-D dodecyi/tetra-
dodecyl amine salt 

'Fathead minnow 6.5-8.5 6 1,900-MOO 5.9166 -0.2930 86 
Dinoseb 

Cutthroat trout 6.5-8.5 3 41-1,350 -3.7844 0.7588 96 
Tiske trout 6.5-8.5 3 32-1,440 -4.4295 0.8266 91 

Diquat 
Blue^Il 6.5-9.5 4 115,000-498,000 7.3810 -0.2312 92 

Glyphosate 
R^nbow trout 6.5-9.5 4 1,400-7,600 5.2671 -0.2262 66 

Mexacarbate 
Coho salmon 6.5-9.0 8 4,000-23,000 7.0636 -0.3702 73 
Cutthroat trout 6.0-9.0 3 030-15,800 6.2523 -0.3364 46 
BluegUl 6.5-9.5 5 600-22,900 8.5980 -0.5746 86 

Phosmet 
Rainbow trout 6.5-9.5 5 ' 105-4,700 -2.1843 0.5711 85 
Bluegill 6.5-8.5 3 22-640 -3.7051 0.7319 97 

Trichlorfon 
Pteronarcella badia 6.5-8.5 3 5.3-100 6.3414 -0.6379 90 
Cutthroat trout 6.5-8.5 3 375-4,750 7.5694 -0.5513 99 
Rainbow trout" 6.5-9.0 12 210-11,400 6.6397 -0.4337 49 
Atlantic salmon 6.5-8.5 4 300-4,400 7.5368 -0.5832 81 
Brook trout 6.5-9.0 7 240-9,200 8.6374 -0.6532 85 
Bluerill" 6.5-9.0 12 1,720-50,000 8.0379 -0.4904 56 

96-h LCSO in ^ig/L - a+6(pH). 
Significantly different from zero (P < 0.05). 
"Combined pH effects at three temperatures (7,12, and 17'C). 

1980). Many of the hydroxylated products of car
bamates have pronounced AChE inhibitory activity 
(O'Brien 1967; Mauck ct al. 1977; Schoettger and 
Mauck 1978; Woodward and Mauck 1980). 

Covariance analysis was conducted on 49 chem
icals and 100 pH tests (pH range, 6.0-9.5) with fishes 
and a few aquatic invertebrates. Slopes significantly 
different from zero were observed in 23 of the tests 
on 10 chemicals (Table 8). Although pH significantly 
affected the toxicity of only 20% of the chemicals, 
It caused greater average changes in 96-h LCBO's 

than did any other factor examined. The ratio of the 
highest to lowest LC50 within a pH test averaged 
16 (range, 4.2 to 45) among the 10 chemicals af-
fwted. The slopes were relatively consistent among 
species within a chemical, indicating chemical rather 
than biological differences. No significant effects of 
pH on acute toxicity were found for the nine in
dustrials, two oz^anochlorine insecticides, or five 
pyrethrin and pyrethroid insecticides tested, 
although five of the industrials were organophos-
phate compounds. 
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The toxicities of only 2 of the 11 organopho^hate 
insectdddes—phosmetand trichlorfon—were signif
icantly affected by pH. The toxicity of phosmet 
decreased and that of trichlorfon increased within 
a change of 2 to 3 pH units. O'Brien (1967) reported 
that phosphates hydrolyze more readily than their 
corresponding phosphorothionates under alkaline 
conditions; our data agree, in that eight of the nine 
organophosphates not affected by pH were thionates 
of one form or another. The only exception was the 
phosphate dichlorvos, which is structurally similar 
to trichlorfon. The 96-h LC50's of dichlorvos for cut
throat trout were the same (170 pg/L) from pH 6.0 
to 9.0, and Eisler (1970) found that dichlorvos aged 
for 4 days was slightly less toxic than fresh material 
to mununichogs {FunduUis helcT'^-^litus). Either di
chlorvos is hydrolyzed more slowly than trichlorfon, 
or the toxicity of the dichlorvos hydrolysis products 
differs little from that of the parent compound. 
Trichlorfon rapidly hydrolyzes to dichlorvos imder 
alkaline conditions (O'Brien 1967), and dichlorvos 
was 2.6 to 350 X more toxic than trichlorfon to 
aquatic organisms. Phosmet, the orJy thionate sig
nificantly affected by pH, differs from the other 

- thionates in being a phthalimide. It is rapidly meta
bolized by animals to phthalamic acid by amidase 
cleavage and subsequent hydrolysis (O'Brien 1967). 

Carbamate toxicity increased with pH, indicating 
the formation of toxic hydrolysis products under 
alkaline conditions (Table 8). Effects of pH were 
significant with three methyl carbamate insecticides, 
but not with methomyl (thioacetimidate). However, 
the toxicity of benomyl, a carbamate fungicide witli 
a chemical structure (benzimidazole) totally different 
from that of the insecticides, decreased significantly 
with increasing pH. 

The effects of pH on carbamate and organophos-
phate insecticides corresponded to the age of the test 
solutions. Toxicity decreased or increased with solu
tion age (Tables 5 and 6) and with increased pH. 
Thus ̂ e impact of pH on toxicity of these chemicals 
appears to be primarily a hydrolytic phenomenon, 
although aging doss not necessarily involve only 
hydrolysis. 

Many of the herbicides tested were dissociable 
organic chemicals, but only 4 of 17 were rignificantly 
affected by pH (Table 8). Of these four, diquat is cat-
ionie and 2,4-D, dinoseb, and glyphosate are dis
sociable. The toxicity of dboseb decreased, as would 
be expected, but the toxicities of dodecyl/tetradode-
cyl amine salt of 2,4-D and glyphosate increased. 
When dissolved in water, organic amines convert 

u,* 

I-.-,. 

partly to ions (O'Brien 1967; Sills and Allen 1971), 
and the increased accumulation of the un-ionized 
form of dodecyl/tetradodecyl amine at higher pH's 
could oppose the expected effects of pH on 2,4-D. 
The glyphosate test^ was formulated, and the in
creased toxicity was due to the surfactant 
(MON 0818) in the for niiiation (Folmar et al. 1979). 
The acidic technical glyphosate was more toxic at 
pH 6.5 than at pH 9.5. The toxicity of most of the 
acidic herbicides decreased with increasing pH, as 
would be expected—though the decreases were not 
statistically significant. 

Predicting the effects of j)H on acute toxicity of 
organic chemicals is difficult because the impact of 
the effects is varied. We agree with Saarikoski and 
"N^uksela (1981), who repoited that pH effects have 
been poorly analyzed for predicting the toxicity and 
accumulation of ionizable organic chemicals or the 
toxicity of those that hydrolyze. Before the effects 
of pH on bioavailability and toxicity can be ade
quately predicted, more research relating pH to 
structure-activity interactions is needed, in which 
properly designed replications of toxicity tests and 
appropriate statistical and mathematics analyses 
are used. 

Hardness 
Water hardness is known to affect chemical tox

icity, Inglis and Davis (1972) and Sprague (1970) 
reviewed the effects of hardness on chemicS tox
icity to aquatic organisms. Although the results 
varied, the toxicity of most inorganic and some 
organic chemicals was affected by water hardness. 
We agree with the intimations of Inglis and Davis 
(1972) and Pickering and Henderson (1964), who 
found that hardness had little effect on toxicity of 
organic chemicals, and that any changes were prob
ably due to differences in pH. 

Analysis of covariance on 39 tests with 25 organic 
chemicds (herbicides, insecticides, and solvents) and 
fishes indicated that the slopes of only two 
Ghemicals, dimethylamine and dodecyl/tetradodecyl 
amine salts of 2,4-1), differed significantly from zero. 
The increase in harness (from 12 to 250-300 mg/L 
as CaCOa) caused a 2.8 x increase in the LC50 of 
the dimethylamine salt (96-b liC60 range, 285 to 
800 mg/L) and a 2.1 x increase in that oi the 
dodecyl/tetradodecyl amine salt (96-h LC50 range, 
1.9 to 4.0 mg/L). The increase in LC50 values was 
probably due to the increase in pH (1.5 units) be
tween very soft and very hard test waters. 
Because 2,4-D is a weak acid (pK. - 2.80; Weber 
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Table 9. Distribution oftoricity change of technical pesticides of various formulations under acute static 
coTiditions. 

Pesticides Tests Toxicity cbange distribution (%y 

Formulation (n) (n) None Decrease Increase 

All Formulations 48 161 57 11 32 
Emulsifiable concentrate 23 62 65 11 24 
Granular 4 10 50 10 40 
Liquid 10 35 65 3 31 
Wettable powder 16 39 56 13 Si 
Other 3 15 IS 20 67 

Oil disperson 1 3 0 100 0 
Oil soluble concentrate 1 11 9 0 91 
Spray concentrate 1 1 100 0 0 

•Change in toxicity due to formulation was determined by the ratio of technical to formulated material, and the ratios were categor
ized bv change: none, 0.5-1.5; decrease, <0.5, increase, >1.5. 

1972), its toxicity should decrease in alkaline water. 
However, toxid^ of the dodctyl/tetradodecyl amine 
salt was the only one of five 2,4-D compounds that 
increased (rather than decreased) with increasing pH 
CTable 8), and was the only one of four 2,4-D com
pounds that increased in toxicity with aging 
(Table 5). The dodecyl/tetradodecyl amine group 
may the factor in toxicity differences, and 
may mask the effect of 2,4-D. 

Hardness-related toxicity changes of carbamate 
and organophosphate insecticides have been in
dicated by others (Schoettger and Mauck 1978; 
Woodward and Mauck 1980). In these types of 
chemicals, toxicity changes could be caused by the 
hydrolysis products, which are formed more rapidly 
under alkaline pH, as previously discussed. 

Formulation 
The effects of formulation were determined for 

48 pestaddes (Table 9). Ratios of 4S-h EC50's or 96-h 
LCSO's of technical grade pesticides to those of for
mulated materials were compared (n »= 161). A ratio 
greater than 1.0 indicated increas^ toxicity of the 
formulated material and a ratio less than 1.0 in
dicated decreased toxicity. However, ratios between 
0.5 and 1.5 are probably within the range of norma] 
experimental variation, since this range frequently 
occurred among groups of species (invertebrates or 
fishes) wdthin a chemical. Overall, toxicity was not 
affwied 57% of the time, decreased 11% of the time, 
and increased 32% of the time. The average ratios 
(ranges in parentheses) were as follows: emulsifiable 
concentrate, 2.6 (0.10 to 24); granular, 1.7 <0.34 to 

5.0); liquid, 3.6 (0.08 to 33); oil dispersion, 0.30 (0.14 
to 0.47); oil soluble concentrate, 69 (1.2 to 318); spray 
concentrate, 0.59 (one test); and wettable powder, 
1.4 (0.06 to 5.1). 

Among the formulations in which toxicity in
creased, toxicity doubled 61% of the time and 
increas^ within a factor of five 80% of the lime. 
The ratios exceeded one order of magnitude in 10% 
of the tests involving aminocaib, cypraane, giyphos-
ate, and temephos; liquid formulate aminocarb in
creased in toxicity as much as 318 x. The toxicities 
of wettable powder and oil dispersion formulations 
were frequently less than the toxicity of technical 
material—the wettable powder probably due to 
chemical adsorption to talc in the formulation, and 
the oil dispersion formulation due to an altered 
octanol-water partition coefficient in the presence 
of petroleum hydrocarbons (Stecher 1983). Hashi
moto and Nishiuchi (1981) reported that, in general, 
emulsifiable concentrates were the most toxic, 
followed by technical materials, wettable powders, 
dust, and granules. Pickering et al. (1962) ^so found 
emulsifiable concentrates to be slightly more toxic 
than technical materials. In our study, formulations 
ranked in order of most toxic to least toxic were oil 
soluble concentrate, liquid, emulsifiable concentrate, 
granular, wettable powder, spray concentrate, and 
oil dispersion. 

Materials added to technical chemicals in the prep
aration of formulations should not be regarded, as 
they often are, as "inert" ingredients with little or 
no biological activity. Although the effects of 
"inerts" on acute toxicity of technical chemicals are 
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Table 10. Diet effects on the aeiite static toxicity of organic chemicals to rainbow trout." 

Chemical Weigh t** 96-h LC50 (pg/L) 

and diet (g) LC50 95% Confidence limits 

Antimycin A 
Giencoe 1.10 0.032 (0.027-0.038) 
Ewos 0.80 0.016 (0.012-0.021) 
High protein (45%) 1.10 0.052 (0.044-0.062) 
Fish protein concentrate 0.75 0.024 (0.020-0.029) 

Carbaryi 
Giencoe 1.10 1,900 (1,590-2,260) 
Ewos 0.80 2.080 (1.580-2,730) 
High protein (45%) 1.10 2,300 (1.500-3,500) 
Fish protein concentrate 0.80 1,360 (900-1,860) 

Ghlord^e 
Oregon Moist 1.00 8.2 (6.1-11) 
Giencoe 1.10 9.1 (4.8-17) 
Silver Cup 1.00 20 (14-28) 
Ewos 1.10 31 (22-43) 
Low protein (23%) 1.00 28 (20-41) 
High protein (45%) 1.50 47 (36-58) 

•Handling and feeding (3% body weight/day) were consistent with all three cliemicals and the fish source was the a^e. The chlor-
danc study was conducted at a different time than that with Antimycin A and carbaryi, and initial Hsh weights differed (0.4 and 
0.2 g, respectively). Conditions of the toxicity tests were as follows: chlordane—temperature I2*'C, pH 7.1, hardness 44 mg/L; 
Antimycin A and cartmryl—temperature 10®C, pH 7.4, hardness 40-44 mg/L. 
height at time of testing. 

geiieraDy less than 0.5 order of magnitude, they may 
be as high as 2.5 orders of magnitude. In view of 
the widespread use of various formulations for 
pesticides and some industrial chemicals and the 
alteration in toxicity of the technical chemicals in
volved, it is evident that fUrtlier investigation of the 
toxicology of those formulations is needed. 

Diet 
Diet affects body composition, physiological and 

biochemical functions, and nutritional status of the 
subject, and tliereby influences toxicity (DouU 1980). 
The 96-h LG50 values for rainbow trout exposed to 
Antimydn A, caibaiyl, and chlordane were affected 
by the type of diet fed 42 days before exposure 
(Table 10). Proximate analyses of the various diets 
were reported by Mehrle et al. (1974). The LC50 for 
trout fed a high protein diet before exposure to Anti
mycin A was significantly higher than that for trout 
fed other diets. The LC60'8 for all dietary groups 
di^ered rignificantly from each other. No significant 
effects were observed with carbaryi, although it was 
the least toxic in the group fed the high protein diet. 

Significant differences occurred in chlordane tox-
idty among rmnbow trout fed commercial or syn

thetic diets (Mehrle et al. 1974; Table 10). Differ
ences existed between the group fed the Ewos diet 
and the other three commerdal diets, and between 
the group fed Silver Cup and the groups fed Glenco 
and Oregon Moist diets. The difference in LCSO's 
between the fish fed the Oregon Moist and Glenco 
diets was not statistically significant. The LC50 for 
the group receiving the high protein diet differed 
from the LC50's of all other groups, but the groups 
fed the low protein and Bwos diets were not sig
nificantly different. Differences in size of fish fed 
the various diets may have contributed to the dif
ferences in LC50's. 

Feeding of protein-deficient diets has resulted in 
decreased tolerances to organochlorine, organophos-
phate, and carbamate pesticides in rats ^oyd and 
Boulanger 19GS; Boyd and DeCastro 1963; Boyd and 
TanikeUa 1969). This response was observed for 
acute toxicities of Antimycin A, carbaryi, and chlor
dane to rainbow trout, where a decrease in protein 
in the diet increased pesticide toncity. However, 
protein may be only one of the many dietary factors 
affecting toxicity. Fish fed fish protein concentrate 
ranged from most susceptible to intermediate when 
tested against Antimycin A or carbaiyl; fish fed 
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Table 11. Acute toxiciiy (LC50, \iglL) of pesticides to rainbow trout from various sources and sieelAead 
under static conditions.'^ 

ru^^Xr..^ ' Source of rainbow trout 

Sl»e chlor* 
1 (0.4 and 

mg/L; 

Differ* 
Ivos diet 
)etwecn 

liGlenco 
LCSO's 

j i Glenco 
[jCBOfor 
^ered 

j e groups 
I! not sig-
t fish fed 

10 the dif-

esidted in 
ganophos* 
Boyd and 
Boyd and 

'.erved for 
and chlor-
in protein 
However, 
ary factors 
oncentrate 
diatewhen 
,1; fish fed 

duration of test 
(hours) Donaldson Iowa Missouri 

Mt. New 
Whitney Hampshire Soap Lake Wytheville Steelhead 

Antimycin A 
24 >0.0B7 0.049 0.10 >0.087 0.085 >0.075 0.10 
96 0.013 <0.008 0.019 0.031 0.009 0.007 0.008 

Carbaryl 
6,100 24 6,200 2,800 3,900 4,600 4,600 6,100 

96 <750 <320 1,000 <420 1,500 <320 
Carbofi2ran 

24 680 1,000 
96 380 600 

Chlordane 
24 44 78 62 13 
96 27 20 13 2.9 

d-trans Allethrin 
24 14 19 
96 14 18 

Malathion 
24 160 39 
96 94 4.1 

Trichlorfon 
24 >12,000 >7,000 
96 1,800 1,400 

^Temperature, WC; pH, 7.1-7.5; hardness, 40-40 mg(h. 

Ewos (58% protein) were the most sensitive to Anti-
mycin A; and the LGBO's among the groups of fish 
fed the commercial diets were not always directly 
related to dietary protein concentrations. The pri
mary sources of protein in fish food were fish meal, 
soybean meal, cottonseed meal, and wheat germ 
meal in the Glenco, Oregon Moist, and Silver Cup 
diets; fish protein concentrate in the Ewos diet; and 
casein in the low and Hgh protein diets. Miranda and 
Webb (1972) reported that the oral toxicity of hep-
tacWor was less for rats fed a low quality protein 
(gluten) than for rats fed casein; thus both 
qualitative and quantitative alterations in dietary 
proteins may affect acute toxicity. 

Dietary constituents other than protein may also 
affect chronic toxicity of chemicals to fish. Mehrle 
et al. (1977) reported that a diet high in the amino 
acid methionine increased the toxicity of DDT to 
rainbow trout, and Mayer et al. (1978) found that 
increased levels of dietary vitamin 0 decreased tox-
aphene toxicity to channel catfish. 

The reason for differences in suncepfibiUty to 
chemicals due to diet is not completely understood. 

Differences in commercial diets alone altered the 
96-h LC50 by an average of 2.3 x (range, 1.1 to 
3.8x)or3.6x (range, 1.7to5.7x), if synthetic diets 
were included. However, the type of diet fed before 
chemical exposure is important, and the standard
ization of diets fed to aquatic organisms used in tox-
icological research woidd help reduce the variation 
in toxicity data. 

Source of Fish 
Rainbow trout from seven sources (several strains) 

and steelhead were tested with seven chemicals in 
25 static tests. The ratios of the highest to lowest 
LC50's (24 h and 96 h) within a chemical ranged 
from 1.3 to 23 and averaged 4.8 (Table 11). The 
highest LC50 was 1.8 to 4.7x that of the lowest 
LC50 77% of the time, but exceptions occurred with 
chlordane and malathion. When the effects of steel-
head were excluded, the highest LOGO was 1.8 to 
4.7 X the lowest 88% of the time. The sensitivity of 
steelhead (anadromous rainbow trout) to chlordime 
far exceeded that of any other trout. Because the 
weight of steelhead fiy was only 12 to 23% of that 
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Chemical 
and species 

Aminocarb 
Rainbow trout 

Benomyl 
Rain^W trout 
Channel catfish 

2,4-D dhnethylamine salt 
Fathead minnow 

2,4-D dode<vl/tetra-
dodecyl amine salt 

Rdnbow trout 
Dowell M38N 

Cutthroat trout 
Femtrothion 

R^bow trout 
Channel catfish 

Fire-Trol 100 
Coho salmon 
Rainbow trout 

Fire-l^l 931 
Coho salmon 
Rainbow trout 

MBC 
Rainbow trout 
Channel catfish 

Methomyl 
Rainbow trout 
Channel catfish 

Methoxychlor 
Brook trout 

Mexacai-bate 
Brown trout 

Phos*Ch6k 202 
Coho salmon 
Rainbow trout 

Phos-Chek 259 
Coho salmon 
R^bow trout 

Phosmet 
Rainbow trout 

Pioloram 
Rainbow trout 
Channel catfish 

Pydraul BOB 
Lake trout 

Toxaphene 
Channel catfish 

Tretolitc JW-8226 
Cutthroat trout 

Triflurolln 
Rainbow trout 

Weight - 0.2 to 1.2 g. 

Eyed 

>32 

1,450 

47 

1.6 

16 

>50 

>10 

Yolk-sac 
fry 

0.036 

0.28 
0.006 

630 

7.6 

0.28 

4.3 
3.8 

99 
150 

580 
700 

0.14 
0.007 

3.2 
1.8 

0.017 

16 

145 
105 

145 
115 

>10 

8.0 
5.8 

Swim-up 
fry 

0.048 

0.16 
0.012 

425 

1.4 

2.4 
1.4 

920 
780 

930 
790 

0.32 
0.012 

1.3 
<0.56 

0.015 

200 
110 

170 
94 

0.28 

8.0 
6.8 

2.9 

0.001 

0.048 

Advanced 
fry* 

0.14 

0.23 
0.029 

320 

3.2 

0.46 

2.4 
4.8 

>1,500 
>1,000 

1,000 
940 

0.65 
0.016 

2.0 
0.76 

0.019 

20 

320 
230 

250 
160 

0.48 

11 
16 

1.5 

0.004 

2.2 
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of tlie other strains tested, size may have accounted 
for some of the difference in sensitivity, but most 
probably represented physiolopcal differences. Due 
to incompleteness of data and the small size of the 
data base, no rainbow trout from a particular source 
or of a particular strain could be identified as being 
the most sensitive. However, differences in LC50's 
among rainbow trout from different sources within 
the chemicals tested were similar to the mean inter-
laboratory differences reported by Lemke (1981) in 
a round-robin study where different laboratories ob
tained fish from Cerent sources. 

Life Stage and Size 
Many investigators have reported the effects of 

life stage and size of invertebrates and fishes on 
susceptibility to toxicants. Susceptibility of in
vertebrates generally decreases with maturity 
(Sanders and Cope 1968; Sanders 1972). The sen
sitivity of tadpoles of Fowler's toad to DDT in
creases as the animals mature (Sanders 1970), 
whereas that of tadpoles of the southern leopard 
frog (flana sphenocephdla) to toxaphene decreases 
with age (HMl and Swinford 1980). Similarly, de
creases in sensitivity have been observed with in
creased size in fishes (Anderson and Weber 1975; 
King 1962; Marking 1966; Mount 1962; Pickering 
et al. 1962; Surber 1948), although responses varied 
considerably among the early life stages (Akiyama 
1970; Bills and Marking 1976; Dean et al. 1977; 
latomi et al. 1958; Klaverkamp et al. 1977; Mauck 
et al. 1977; Olson and Marking 1973; Piavis and 
Howell 1975; Pickering and Vigor 1965; Spotila and 
Pala(hno 1979). 

Life stage. Analysis of 96-h LCSO's for yolk-sac 
and swim-up fry exposed to 20 chemicals indicated 
that each was the most sensitive 50% of the time 
(Table 12). Advanced fry were generally less sensi
tive than yolk-sac and swim-up fry, but yolk-sac and 
Bwim-up fry were less sensitive than advanced fry 
3% and 7% of the time, respectively. The ratios of 
the highest to lowest 96-h LC50 among yolk-sac fry, 
Bwim*up fry, and advanced fry averaged 4.5 (range, 
1.2 to 36), and were 5.0 or less 83% of the time. 

The eyed-egg stage was the least sensitive stage 
tested, except that it was the most sensitive stage 
when exposure was to Tretolite JW-8226. Although 
eggs are generally the least susceptible stage, 
Mveral exceptions are known. For example, 
Akiyama (1970) found eggs to be more reastant than 
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fry to two mercurials, but not to a third mercurial. 
And Mauck et al. (1977) reported that brown trout 
eggs were significantly more sensitive than yolk-sac 
fry and fingerlings to mexacarbate. In contrast, 
TFM was most toxic to green eggs of coho salmon 
and rainbow trout, followed by swim-up fry and yolk-
sac fry; eyed-eggs were the least sensitive (Bills and 
Marking 1976; Olson and Marking 1973). 

Toxicity decreased with increasing maturity in 
other species that were exposed to different chem
icals (shown in parentheses): apple snail, Pomacea 
paludosa (Cutrine-plus); eray^, Orconectes nais 
(DDT, endrin, malalhion, and parathion); and stone-
flies, Pieromrcys ealifomica (lindane). The 96-h 
LCSO's mcrea.sed by 1.3 x for apple snails (from 1-2 
days to 2-4 weeks), 56 to 375 x for cra^sh (3-5 
weeks to maturity), and 4.5 x for stonefly naiads 
(first and second year classes). Although toxicity 
decreased with age, the change may be small within 
the stages normally tested. The 96-h LC50's for 
crayfish exposed to DDT were consistent up to 5 
weeks of age (LCSO's, pg/L: 1 day, 0.30; 1 week, 
0.18; 2 weeks, 0.20; 3 weeks, 0.24; and 5 weeks, 
0.90), but increased markedly thereafter (8 weeks, 
28; mature, 100). 

Fisk size. Analysis of covariance was conducted 
on 27 chemicals used in 51 tests for fish of different 
weights (Table 13). Toxidty decreased as weight in
creased, but in only 10 of the equations (six chem
icals) were the slopes significantly different from 
zero. The six regressions with a lai^ range in fish 
size (antimycin and chlordane) varied in slopes 
among species, the average being 0.0370 (95% CL, 
± 0.0213). Ratios of the highest to the lowest LC50 
averaged 13 (range, 6.3 to 54) within differences in 
weight of one to two orders of magnitude. 

Most acute toxidty tests are conducted with fish 
weighing 0.2 to 1.5 g, but of 38 regressions within 
that size range, only 4 slopes (glyphosate, merphos, 
toxaphene, and trichlorfon) differed significantly 
from zero. Ratios of the highest to the lowest LC50 
value ranged from 4.9 to 6.2 and averaged 5.6. The 
slopes for these four chemicals were significantly 
greater than those for chlordane. However, the four 
tests with glyphosate, merphos, toxaphene, and tri
chlorfon represented only 10% of the SB tests (24 
chemicals) in which fish weighing 0.2 to 1.5 g were 
analyzed; thus size effects would not usually be of 
great concern in standardized acute toxicity testing, 
as judged by the range of weights represented here. 
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Table 13. E^eci of v>eight on acute static toxicity (96'k LC50) of organic ekemicals to fishes.^ 

•Log 9&-h LC50 in pg/L - c+ft(we}ght in grams). 
•^SigrUficantly different from lero (P < 0.05). 

Chemical Weight LC50's LC50 range Intercept Slope'' r2 

and epedcs fe) (n) (MB/L) (o) (6) (%) 

Antimycln A 
Coho salmon 0.9-19 5 0.009-0.06 -1.8883 0.0273 51 
Rainbow trout 0.7-107 16 0.009-0.12 -1,7712 0.0167 38 
Bluegill 1.2-20 4 0.038-0.20 -1.3390 0.0369 77 

Chlordane 
Coho salmon 0.6-19 5 14-80 1.1177 0.0461 87 
Rainbow trout 1.2-46 5 10-135 1.3601 0.0187 65 
Channel catfish 1.9-18 4 6.7-230 1.1896 0.0764 61 

Glyphosate 
Rainbow trout 0.4-l.C 4 1,300-8,300 2.6078 1.4158 77 

Merphos 
Bluegil) 0,5-0.8 3 1,300-8,000 2,0045 2.3758 75 

Toxaphene 
Channel cat^sh 0.02-0.3 4 0.82-4.2 -0.0429 2.1283 75 

Tricblorfon 
AUantic salmon 0.2-0.6 4 610-2,970 2.4416 1.6326 93 

lUsi: 

Conclusions 

1. No one spedes, family, or class was the most sen
sitive to all chemicals ail of the titne. 
2. By rank-order comparison, stoneflies (CJoossenm 
8a6«Zoso, Fferonarcys caZt/omica, Pterovarcella 
badia) were the most sensitive aquatic animals 
tested, followed by glass shrimp (Palaemonetes 
kadiakensis), amphipods (Gammarus fasciatus), 
daphnids (Dapknia jndez, D, magna, Simocephalus 
serrulatus), brown trout, rainbow trout, seed shrimp 
(Cypridopsts t>tdun), largemouth bass, cutthroat 
trout, bluegilis, sow bugs {Asellvs brmcaudus), coho 
salmon, yellow perch, chaimel catSsh, common carp, 
black bullheads, green sunfish, fathead minnows, 
goldfish, western chorus frog, and Fowler's toad. 
The ranldng was slightly altered by standardizing 
test media characteristics and organism size. 
3. Of the four most commonly tested forms com
pared together, daphnids (Dapknia magna or 
i). pulex) were the most sensitive 58% of the time 
followed by rainbow trout (35%), blueg^s (5%), and 
fathead minnows (2%). However, the sensitivity of 
daphnids or rainbow trout either equaled or 
exceeded that of the other two species, as deter
mined by analysis of variance and multiple mean 
comparisons. 
4. TOen daphnids and rainbow trout were com
pared with 4 to 40 other spcdes tested with the same 

chemicals, (a) the lowest of the two LCSO's for 
daphnids and rainbow trout never exceeded 15 x the 
LC50 of the most sensitive species tested 95% of the 
time, or never exceeded 25 x the LC50 of the most 
sensitive species 100% of the time; and (b) testing 
of three forms (Dapknia, Gammarus, and rainbow 
trout) provided the lowest toxicity value 88% of the 
time, and could not be improved more than 2.5% by 
adding any other single species. 
5. Interspecies correlation models could be used to 
predict acute toxicity values, but the confidence 
limits were smallest when extrapolation was within 
families. 
6. Ofthe seven major families tested, the Pteronar-
ddae were the most sensitive, followed by the Daph-
nidae, Oammaridae, Salmonidae, Centrarchidae, 
Ictaluridae, and Cyprinidae. The sensitivities of 
Daphnidae and Gammaridae may be more realistic 
here than in the spcdcs comparisons, since all three 
daphnid and ampMpod spedes are represented in the 
fa^y comparisons. Invertebrates were the most 
senritive 95% of the time. 
7. The class Insecta was the most sensitive 50% of 
the time, followed by Crustacea (31%), Osteichthyes 
(19%), and Amphibia (0%). 
8. Frequency distributions of chemical toxicity 
(ECSO's or LiCSO's) were generally bimodal; insec
ticides were mainly in the <100 pg/L mode, and 
herbicides, ftin^ddes, industrials, and other (^em-
icals in the >1,000 pg/L mode. 

h\ • 
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9. Flow-through toxicity values may be estimated 
by multiplying static values by 0.51, but the error 
can be large: ratios of static to flow-through tests 
varied by 1.8 orders of magnitude. 
10. Toxicity of aged test solutions increased by a 
factor of 2 or more only 11% of the time and never 
increased by a factor of more than 4. Toxicity de
creased 22% of the time, and no change occurred 
in 69% of the tests. 
11. Temperature affected the toxicity of 40% of the 
chemicals tested, generally increasing it. How
ever, the toxicity of a few chemicals (DDT, 
dimethrin, and methoxychlor) decreased with in
creasing temperature. 
12. The effect oftemperature on toxicity conforms 
to the Qic concept and can be predicted. Temper* 
abire increased the toxicity of most chemicals by a 
factor of 3.1 per 10°C rise in temperature; the fac
tor for organophosphate insecticides was higher 
(5.1)~possibly due to the simultaneous increase in 
acetylcholinesterase (AChE) activity and rate of 
ACl^ inhibition. 
13. Although pH affected the toxicity of only 20% 
of the chemicals tested, it caused a greater average 
change in toxicity (16x; range, 4.2 to 45) than did 
any other factor examined. 
14. Regression slopes were consistent among 
species witlun a chemical for both pH and temper-

• ature, indicating chemical rather than biological dif
ferences in toxicity, 
15. Hardness had little if any effect on the toxicity 
of organic chemicals; the negligible effects we ob
served were probably due to pH differences in solu
tions of differing hardness. 
16. Formulations of pesticides increased the toxidty 
of the technical material used in preparing them 32% 
of the time, and decreased it 11% of the time. The 
effect of formulation on toxicity was within a fac
tor of 0.2 to 5 X 85% of the time, but was as high 
as 318 X. Formulations ranked in order of most toxic 
to toxic were as follows: oil soluble concentrate, 
hquid, emulsifiable concentrate, granular, wettable 
powder, spray concentrate, and oil dispersion. Tests 
on both foimulated and technical pesticides are 
strongly indicated. 
17. Differences in the diet fed to fish before they 
were tested altered toxicity by as much as 5.7 x, but 

I'l to 3.8 X would be anticipated within 
available commercial diets. Standardized diets would 
help reduce variation in acute toxicity data. 
18. Source of rainbow trout contributed to variation 

in toxicity data; the differences ranged from 1.8 to 
4.7 X about 88% of the time. 
19. Sensitivity of invertebrates and fish decreased 
with development and increased size. Differences in 
toxidty among the life stages of fish were 5 x or less 
83% of the time. The change in toxicity was usually 
small within the sizes normally tested, and thus size 
should be of no great concern in standardized acute 
toxicity testing. However, life stage could be of con
siderable importance in natural environment. 
20. Of the factors affecting toxicity (except for 
pesticide formulation), the ratios of the highest to 
lowest LCSO's for a chemical were 5.0 or less 80% 
or more of the time; this generalization includes pH 
and temperature, when evaluated on the basis of 
changes of 1.0 pH unit and ICC. 
21. Generalizations and predictions are accurate for 
comparative toxidty and factors affecting toxicity 
80% of the time. The utility of predictive techniques 
should be realized, but no single approach correctly 
predicts acute toxicity under all situations. Factors 
affecting acute toxicity of a chemical (except pesti-
dde formulations) appear to vaiy within 5x under 
standard laboratory conditions. Also, these factors 
often alter bioavailability of the chemical in the field. 
Studies involving a range of field conditions, there
fore, are strongly indicated to determine the inter
actions of such factors on both bioavailability and 
acute toxicity. Species sensitivity varied more than 
factors affecting toxidty, since toxidty differences 
between the least to the most sensitive species 
tested within a chemical averaged two orders of 
magnitude and were as high as five orders of mag
nitude. Due to inherent variation and exceptions in 
acute toxidty data, it is best to test the chemical and 
species of concern under environmental conditions 
of interest only when exact information is required. 

The acute toxidty test provides a rapid, cost-
effieicnt way of measuring relative toxidty to 
organisms representing different trophic levels, tox
idty in different types of water, and toxidty of dif
ferent forms and formulations of a chemical. Its 
main value lies in its use as a relative starting point 
for determining effects in hazard assessment, dong 
with the expected or measured environmental con
centration. Tondty studies ore too often conducted 
to develop data, without subseq[uent comprehensive 
interpretation. We hope that this manual will serve 
as a guide for future research and bring into foca<' 
the pertinent aspects of laboratory studies on acute 
toxidty, thereby providing a foundation for predic
tive correlations and hazard assessments. 
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Tflhle Al. Scien^i/^ 
Class, order, famfly, 

geoMS. P"d soedes 

——' Class, i fder, family* 
ppmis. and spedes 

Common name 

Crustacea 
Anostiaca 

Streptocephalidae 
Streptocephalus seali 

Cladocera 
D^hnidae 

jDaj^nioi magna 
Dapknia jndex 
Simoeephalus 

serruiatus 
Podocopa 

Cypridae 
Ci/pruiopsis vidua 

Isopoda 
AselUdae ' 

Asellus brevieaudus 
Amphipoda 

Gammaridae 
Gammam/oscta/tw 
GamTTWirus iocustris 
Gammarus 

p3^u(jolt7Ttnaaus 
Dec^)^ 

Astaddae 
Orcaiiectes nais 
ProcamharuB sp. 

Palaemonidae 
Palaemonetes 

icadxakensis 
Insecta 

Plecoptera 
Perlidae 

Ammcuria sp. 
Ciaassenia sabidasa 

Perlo^dae 
Isogenus sp. 
Isoperla sp. 
Shoala sp. 

Fairy shrimps 

"Waterfleas, daphnids 

Seed shrimps, ostrecods 

Aquatic sow bugs 

Scuds, adeswimmers 

Crayfishes, shrimps 
Crayfishes 

Common name 

Shrimps 

Stoneflies 

pteronarddae 
PieronaroeUa bodia 
Pteronarcys 

ealifomica 
Bphemeroptera 

Baetidae 
Baetis sp. 
Epkemerella sp. 

Ephemeridae 
Haagenia Wincoia 

Odonata 
Coenagrionidae 

Ischnura vertiealis 
Ijcstes congener 

Gomphidae 
phiogomphus 

libellplidae 
Afooromta sp. 

Trichoptera 
Hydropsychidae 

Hydroj^cke sp. 
limnepl^dae 

hivmephilxLS sp. 

Diptera 
Culiddae 

Chaoborus 
BhagioTudae 

AtAmx voriepo/a 
Tendipedidas 

Chinmonums pluTnosus 
Pentaneura sp. 

Tipulidae 
Pipula 

Gastropoda 
Ctenobrandiiata 

AmpuUarudae 
p/»nni»i poiudosa 

Mayflies 

Dragonflies, damselflie 
Damselflies 

Bragonflies 

Dragonflies 

Caddisfiies 

True flies 
Phantom midges 

Snipe flies 

Midges 

•Prue crane flies 

Apple smul 

I®- rrr-.^' 
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Table A2. Scientific and common names of vertdmiies used for acute Uaiciiy testing. 
Class, order, feinily, 

genus, and spedes Common "name 
Ostelchthyes 

Adpenseriformes 
Polyodontidae 

Pdtfodon epathula 
Salmoniformes 

Salinonidae 
Onwrhifnchus kisuieh 
Oncorhynchus Wuiwytscha 
Salmo clarfn 
Salmo gairdneri 
ScUmo solar 
Salmo truiia 
Salvelinus forUinalis 
Salvelinus namayoisk 

Esocidae 
Esox lueiua 

Cypriniformes 
Cyprimdae 

CarasHus auraius 
Cyprinus carpio 
Notropis blennivs 
Pimephales promdas 

Catostomidae 
CatostOTtms catostomm 
Calostamvs eommmoni 

Siluriformes 
Ictaiuridae 

Paddlefish 

Coho salmon 
Chinook salmon 
Cutthroat trout 
Rainbow trout 
Atlantic salmon 
Brown trout 
Brook trout 
Lake trout 

Kcoihem 

Goldfish 
Common carp 
River shiner 
Fathead minnow 

Longnose sucker 
"White sucker 

Class, order, family, 
genus, and spedes Common name 

Ictalunis nelas 
Idalurus ptendatua 

Clariidae 
CZartos hatraduis 

Atheriniformes 
Poedliidae 

Gambusia qffinis 
Perdfonnes 

Centrardiidae 
Lepomis eyaneUus 
Lepoma nacrochxrus 
Lepomis microhj^us 
Aftcropiem dolomieui 
Aficropterus salmoidea 
Pomoccis annularis 
Pomaaris vigromaeulatua 

Perddae 
Perca fiavoscens 
Stizostediun vitreun 

vUrewm 
•-•IJdae 

pta fnosaarnhtoa 
. 

Ajtiura 
Bufomdae 

Bi^o woodhousei fawkri 
Hylidae 

Pseudocris triseriota 

Black bullhead 
Qmnnel catfish 

WsHdng catfish 

Mosquitofish 

Green sunfish 
BiucgUl 
Redear sunfish 
Smallmouth bass 
Largemouth bass 
"White crappie 
Black crappie 

YeDow perch 

Walleye 

TU^ia 

Fowler's toad 

Western chorus frog 

flit ftWRms sr/. 
' »•«> •>< W, ukU".!' 

40 
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Table A3. Syt'cies list vnih diemicals tested. 

STRCPTOCEPHALUS SEALl 1 TESTS 

PHOSHET 

DAPHNIA MAGNA 

• 
^;v-

ALACHLOR 
AMORO 
AHINOCARB 
ANTIHYCtN A 
AZINPHOS-ETHYL 
6ARBAN 
BENOMVL 
BENZOINlAZOLE 2-HETHYL HERCAPTO 
CARBARYL 
CCA TYPE I 11 
CMLORDECONE 
CHLORFENETHOL 
CLONITRALIDE 
CYMEXATIN 
CYTROL AHITROLE-T 
DCPA 
DDO 
DOT 
DEF 
DICAHBA 
DICHLOROPROPENE 
DirLUDENZURGN 
DIOXATHION 
OIPiiENAMIDE 
ENDRIN 
ETHION 
FEN ITROTH ION 
FENVALERATE 
FLUCHLORALIN 
FLUOMETURON 
FLUORENE 
FLURIDONE 
FOSAMINE AMMONIUM 
FYRQUEL GT 
CLYPIIOSATE 
HOUGHTO-SAFE 520 
KRONITEX 200 
LINURON 
MALATHION 

DAPHNIA PULCX 

ALDRIN 
ALtETHRiN 
ARAMITE 
AZIDE POTASSIUM 
AZIDE SODIUM 
AZINPHOS-ETHYL 
BENZENE HEXACHLORIDE 
CARBARYL 
CHLORDANE 
CHLOROBENZILATE 
CRYOLITE 
DALAPON 
ODD 
OPT 
DEAD-X 
DEMETON 
DJAZINON 
DICHLOBENIL 
DICHLORVOS 
DIELDRIN 
DIUROH 
DNOC 
ENOniN 

2 
2 
2 
1 
1 
1 
1 
2 
1 
2 
1 
2 
1 
1 
2 
1 
2 
2 
1 
1 
1 
2 
2 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
3 
2 
1 
1 

no TESTS 

METHOHYL 
METHYL PARATHION 
HETOLACHLOR 
HETRIDUZIN 
MIREX 
HON 0618 
NITRALIN 
OXAMYL 
PARATHION 
PENTACHLOROPHENOL 
PENTACHLOROPHENOL (DOWtCIDE EC-7) 
PENTACHLOROPHENOL COPPER SALT 
PERMETHRIN 
PIIOSFLEX 31P 
PHOSHET 
PICLORAM 
PROFENOFOS 
PROPACHLOR 
PYDRAUL 50E 
SANTICIZER 1M8 
SANTIC12ER 15M 
SIHAZINE 
SODIUM SELENITE 
SRCIi SYNFUEL 
TERBUFOS 
THANITE 
TOXAPHENE 
TRIALLATE 
TRIFLURALIN 
WATER GLYCOLS C9'l-N<lA 
WATER GLYCOLS 894-M«lB 
WATER GLYCOLS 89t4-Ml|C 
XYLENOL DIHCTHYLAMINO 
2,3.M,6-TETRACMLOROPHENOL 
2,L-D BUTOXYETHANOL ESTER 
2,l4-D DIMETHYLAMINE SALT 
2,M-D PROPYLENE GLYCOL BUTYL ETHER ES" 
6-CHL0R0-2-PiC0L!NiC ACID 

l|5 TESTS 

ETHION 
FENAC 
FENTHION 
MEPTACHLOR 
LIME SULFUR 
LINDANE 
MALATHION 
METHOXYCHLOR 
HEVINPHOS 
MEXACARBATE 
Hi REX 
HALED 
PARAQUAT 
PARATHION 
PH0SPHAH10ON 
PROPHAH 
ROTENONE 
StLVEX PROPYLENE GLYCOL BUTYL ETHER E: 
SODIUM ARSENITE 
TOXAPHENE 
TRICHLORFON 
TRIFLURALIN 

41 
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SIMOCEPHALUS SERRULATUS 67 TEbTS 

|EC-7) 
IT 

2 ALDRIN 1 FENAC 
1 ALLETHRIN 1 FENTHION 
1 ARAMITE 2 HEPTACHLOR 
1 AZIDE POTASSIUM 1 LIME SULFUR 
1 AZIDE SODIUM 2 LINDANE 

A2INPH0S-ETHYL 3 HALATHION 
3 CARBARYL 2 METHOXYCHLOR 
2 CHLORDANE 1 METHYL PARATHION 
1 CHLOROBEN2ILATE 2 MEVINPHOS 
1 COUMAPHOS 1 HEXACARBATE 
1 CRYOLITE T MIREX 
1 DALAPON 2 NALED 
2 ODD 1 PARAQUAT 
2 DDT 2 PARATHION 
1 DEAO-X 2 PHOSPHAHIDON 
2 DIAZINON 1 PROPHAM 

DICHLOOENIL 1 ROTENONE 
2 OtCHLORVOS 1 SILVEX PROPYLENE GLYCOL BUTYL ETHER ESTER 
1 DICROTOPHOS 1 SODIUM ARSENITE 
2 DIELDRIN 2 TOXAPHENE 
1 DiURON 2 TRICHLORFON 
2 ENDRIN T TRIFLURALIN 
1 ETHION 1 PROPYLENE GLYCOL BUTYL ETHER ESTER 

ITYL ETHER EStt 

resTs 

I BUTYL ETHER TS 

CYPRIOOPSIS VIDUA 

ALDRIN 
CARBARYL 
CLONITRALIDE 
ODD 
OPT 
DICIILONE 
DIPHENAMIDE 
EHORIN 
FENTHION 
LINDANE 
HAUTHION 

AHTIHYCIN A 
AZINPHOS-HETHYL 
BINAPACRYL 
CARBARYL 
CYTROL AHJTROLE-T 
ODD 
DPT 
DICAHBA 
OICMLOOENIU 
OICHLONE 
DIELDRtN 
OIPHENAHIOE 
DIURON 
ENDRIN 
EPIC 
rcNrnioN 
LINDANE 
HALATHION 

ALORIN 
ALLETHRIN 
AMINOCARB 
AHITROIE 
ANIUZIHE 
AHIIHYCIN 
ARAHUE 

ASELLUS DREVI CAUCUS 

CAHMARUS FASCIATUS 

22 TESTS 

METAH-SODIUM 
METHOXYCHLOR 
MOLINATE 
SILVEX BUTOXYETMANOL ESTER 
SILVEX PROPYLENE GLYCOL BUTYL ETHER ESTER 
SIHAZINE 
VERNOLATE 
2,i|-0 BUTOXYETHANOL ESTER 
2,^-Q OIHETHYLAHINE SALT 
2,i|-D PROPYLENE GLYCOL BUTYL ETHER ESTER 

39 TESTS 

METHOXYCHLOR 
HEVINPHOS 
MEXACABBATE 
NALED 
ORYZALIN 
OXYDEMETON-HETHYL 
PARA1HI0N 
PMOSMET 
PIPERONYL BUTOXlOE 
SILVEX 
SILVEX BUTOXYETHANOL ESTER 
SILVEX PROPYLENE GLYCOL BUTYL ETHER ESTER 
TRirtURALIN 
VERNOLATE 
2,I|-D BUTOXYETHANOL ESTER 
2,il-0 PROPYLENE GLYCOL BUTYL ETHER ESTER 
2,N,5-T BUTOXYETHANOL ESTER 
6-CHL0R0-2-PIC0LIN1C ACID 

1N9 TESTS 

FENAMINOSULF 
PENITROTHION 
FENSULFOTHION 
FENTHION 
FOLPET 
GLYOUIN 
HEPTACHLOR 

42 
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Table A3. Continued. 

(Com.) GAMMARUS FASCIATUS 140 TESTS 

Ip 

ic 

F fo.r; 

'.rfr. 

1 AZIDE POTASSIUM 2 LETHANE 3SN 
1 AZIDE SODIUH 2 LINDANE 
2 AZINPHOS-HETHYL 3 HALATHION 
1 BENEFiN 1 HETHOXYCHLOR 
1 BENSULIDE 2 METHYL PARATHION 
1 BENZYL BENZOATE 1 METHYL TRITHION 
2 BUFENCARB 3 HEVINPHOS 
1 BUTOXY POLYPROPYLENE GLYCOL 1 MEXACARBATE 
2 BUTYLATE 1 MOLINATE 
2 CACODYLiC ACID 1 MONOCROTOPHOS 
1 CARBARYL 1 MSHA 
1 CARBOPHENOTHION 1 NALED 
1 CKLORDANE 1 NITRALIN 
1 CHLORFENVINPHOS 1 NITROFEN 
1 CLONITRALIDE 1 NOREA 
2 CRUFOMATE 1 ORYZALIN 
1 CYANAZINE 2 OXYDEHETON-METHYL 
1 CYMEXATIN 1 PARAQUAT 
2 ODD 3 PARATHION 
3 DDT 1 PCB AROCLOR 12N8 
1 DEAD-X 1 PCB AROCLOR 12SN 
1 OEET 1 PEBULATE 
1 DEF 2 PHORATE 
2 DEKETON 2 PHOSMET 
1 DiAZINON 3 PHOSPHAHIDON 
2 DICAHBA 1 PICLORAH 
2 OJCHLOFENTHJON 1 PROPANIL 
1 DICHLONE 1 PROPHAM 
1 DICROTOPHOS 2 PYRETHRUH 
2 DIELDRIN 2 RQNNEL 
1 OINOCAP 1 ROTENONE 
2 DIOXATHION 1 SILVEX 
1 DIPHENAHIDE 1 SIHAZINE 
1 DIQUAT 1 TEPP 
2 DISULFOTON 1 TETRADIFON 
1 DIURON 1 TETRAMINE 
1 DNOC 2 THANITE 
1 DODINE 2 TOXAPHENE 
1 ENDOSULFAN 1 TRIFLURALIN 
1 ENDOTHALL HYDROTHOL NT 1 TRIPHENYLTIN HYDROXIDE 
1 ENDOTHALL POTASSIUM SALT 2 VERNOLATE 
2 ENDRIN 2 2,1|-D BUTOXYETHANOL ESTER 
1 EPN 1 2,N-0 DIHETHYLAHINE SALT 
1 EPTC 1 2,N-D ISOOCTVL ESTER 
1 ETKION 3 2,N-0 PROPYLENE GLYCOL BUTYL ETHER E5 
1 ETHYLENE DlCHLORIDE 2 2,N,5-T BUTOXYETHANOL ESTER 
1 FENAC 1 6-CHLORO-2>PICOLINIC ACID 

GAHHARUS UCUSTRIS 28 TESTS 

S"' mr.-

BENZENE HEXACHLORIOE 
CAPTAFOL 
CARBARYL 
CARBOPHENOTHION 
CHLORONITROPROPANE 
CHIORPYRIFOS 
COUHAPKOS 
CROTOKYPHOS 
DDT 
DICHLOBENIL 
DICHLOFENTNION 
DICHLORVOS 
DICROTOPHOS 
DlUN 

ACEPHATE 
AHINOCARB 

CAt4MARUS PSEUDOLIHNAEUS 

DtHETHOATE 
ENDOSULFAN 
ENDOTHALL HYDROTHOL 191 
ENDRIN 
FENTHION 
HEPTACHLOR 
LINDANE 
HETHOXYCHLOR 
METHYL DEHETON 
MEXACARBATE 
PARATHION 
PKUPOXUR 
TEHEPIIOS 
TRiCHLORFON 

90 TESTS 

HI REX 
PCB AROCLCR 12N2 
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Table A3. Continued. 

1 
1 

1 
1 
2 
1 
2 
d 
1 
1 
1 
1 
M 
1 
1 
1 
1 
1 
\ 
7 
5 

(CONT.) GAMMARUS PSEUDOUMNAEUS 

BENOHYL 
BENZOTMIAZOLE 2-HETHYL MERCAPTO 
CARBARYL 
CCA TYPE t 11 
CXLORDECONE 
CLONITRALIDE 
DC PA 
DEF 
DIFLUBENZUROH 
FEN I TROTH I ON 
FENVALERATE 
FIRE-TROL 100 
FIRE-TROL 931 
FLUCHLORALIN 
FLURtDONE 
FOSAHINE AMHONIUH 
FYRQUEL GT 
CLYPHOSATE 
HOUCHTO>SAFE 1120 
HOUGinO-SAFE 320 
KROHITEH 200 
HETMOMYL 
HETHOXYCHLOR 

ORCONECTES NAiS 

BENOMYL 
CIILORDANE 
CLONITRALIDE 
DDT 
DEF 
DICROTOPIIOS 
DIELURIN 
ENDRIH 
FENTHION -
CLYPHOSATE 

00 TESTS 

PCB 2,2',d,d *,6,6*-HEXACHLOROBI PHENYL 
PCD 2,2•,d,5,5'-PENTACHLORODI PHENYL 
PCfl 2,3,d*-TRICHL0R0BIPHENYL 
PCB 2,d-DICHL0R0BIPHENYL 
PCB d.d'-DICHLOROBIPHENYL 
PERMETHRIN 
PHOS-CHEK 202 
PHOS-CHEK 239 
PHOSFLEX 31P 
PHTHALATE Dl-2-ETHYLHEXYL 
PHIHALATE DIflUTYL 
PICLORAM 
PROFENOFOS 
PYDRAUL 50E 
SANTICIZER IdB 
SANTtCIZER 13d 
TERBUFOS 
TFM 
TRiCIILORFON 
WATER GLYCOLS BOd-ddA 
WATER GLYCOLS 89d-ddB 
WATER GLYCOLS 69d>ddC 

30 TESTS 

HEPTACHLOR 
HALATHION 
HETIIOXYCHLOR 
HEIHYL I'ARATIIION 
PARAlHtON 
PCD AROCLOR 12d2 
PCB AROCLOR 123d 
PHTHALATE 01 BUTYL 
PYDRAUL 50E 
TFH 

PRCCAHBARUS SP. 13 TESTS 

YL ETHER EST! 
R 

:sTs 

rESTS 

A2IHPH0S-METHYL 
BENOHYL 
CARBARYL 
LEPTOPHOS 
MEXACARBATE 

PALAEKONETES KADIAKENSIS 

ALDRIN 
ANTIMYCIN A 
AZINPHOS-METHYL 
BUFENCARD 
CACODYLIC ACID 
CARBARYL 
CARBOPHENOTHION 
CLONITRALIDE 
ODD 
DDT 
DICAHOA 
OIPHENAHIDE 
OlSULFOTON 
[[jgOJHALL HYOROTHOL 191 
EPN 
ETIIANOL 
EIHION 

ACRONEURIA SP. 
EHORIN 

PARATHION 
PCD AROCLOR 123d 
PHOXIH 
TRICHLORFON 

dd TESTS 

FENTHION 
HEPTACHLOR 
HALATHION 
HETHOXYCHLOR 
HEVINPHOS 
HEXACARDATE 
HOLINATE 
NALED 
PARATHION 
PCD AROCLOR 123d 
SILVEX PROPYLENE CLYCOL BUTYL ETHER ESTER 
SIHAZINE 
TRIFLURALIN 
VERNOLATE 
2,d-D DUTOXYETKANOL ESTER 
2,d-D PROPYLENE GLYCOL BUTYL ETHER ESTER 
2,d,5-T BUTOXYETHANOL ESTER 
6-CHLORO-2-PICOLINIC ACID 

1 TESTS 
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Table A3. Continwd, 

CLAASSENIA SABULOSA 10 TESTS 

CARBARYL 
CHLORPVRIFDS 
DDT 
DIELDRiN 
CNORIN 

ACEPHATE 
CARBARYL 
DIFLUBENZURGN 

DDT 

AHINOCARB 

ISOCENUS SP. 

ISOPERLA SP. 

SKWALA SP. 

itiEPTACHLOR 
HALATHION 
PARATMION 
TOXAPHENE 
TRICHLORFON 

HETHOHYL 
TRICHLORFON 

KALATHION 

FEN I TROTH I ON 

m TESTS 

2 TESTS 

N TESTS 

PTERONARCELLA BADIA 

3 ACEPHATE 
6 AHINOCARB 

CARBARYL 
1 DDT 
1 DIELDRIN 
1 ENDRIN 
3 FENITROTHION 
1 FENTHION 
2 CREEN CRUDE OIL 
1 HEPTACHLOR 
3 HALATHION 

PTERONARCYS CALIFORNICA 

ALDRIN 
ALLETHRIN 
ARAMITE 
AZIDE POTASS IUH 
AZIDE SODIUM 
AZINPIIOS-ETHVL 
AZINPKQS-METHYL 
BACILLUS THURINCIENStS 
BENZENE HEKACHLORIDE 
CAPTAFOL 
CARBARYL 
CHLORDANE 
CIILORFENVINPHOS 
CHLORPYRIFOS 
CLONITRALIOE 
CROTOXYPHOS 
DAUPON 
ODD 
DDT 
DEAD-X 
DEF 
DIAZINON 
DICIILOBENIL 
DICIILOFENTIIION 
DtCIILORVOS 
DICOrOL 
DICROIOPHOS 
DIELDRIN 
DIHETIIOATE 
DISULFOTON 
DIURON 

ill TESTS 

2 HETHOHYL 
2 HETHOXYCHLOR 

PARATHION 
PCB AROCLOR 1016 
TEHEPHOS 
TOXAPHENE 
TRETOLITE J-lll6 
TRICHLORFON 
2,ll-D BUTYL ESTER 
2,^'^D PROPYLENE GLYCOL BUTYL ETHER E 

77 TESTS 

ETHION 
ETHYLENE DiCHLORIDE 
FENAC 
FENAMINOSULF 
FENITROTHION 
FENTHION 
HEPTACHLOR 
LINDANE 
HALATHION 
HETHIOCARB 
HETHOXYCHLOR 
HETHYL DEHETON 
HETHYL TRITHION 
HEVINPIiOS 
HEXACAR6ATE 
HOLINATE 
NALED 
OVEX 
PARAQUAT 
PARATHION 
PIIORATE 
PIIOSPHAHIDON 
PICLORAH 
PROPOXUR 
SILVEX PROPYLENE GLYCOL BUTYL ETHER 
SIMAZINE 
SODIUM ARSENITE 
TEHEPHOS 
TERPENE PQLYCHLORINATES 
TOXAPHENE 
TRICHLORFON 
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Table A3. Continued. 

1 DHOC 
1 ENDOSULFAN 
1 ENUOTHALL HYDROTHOL 191 
1 ENORIH 
1 EPN 

1 ENDRIN 

(CONT.) FTHRONABC/S CALIFORNICA 

UTYL ETHEfi 

1 DDT 

1 DDT 
1 ENDRIN 

1 ODD 
1 OiELDRIN 
2 ENDRIN 
1 METHYL PARATHION 

1 DOT 
1 ENDRIN 

DAETIS SP. 

EPHEMERELLA SP. 

HEXAGENIA BILINEATA 

(SCHNURA VERTICALIS 

LESTES CONGENER 

OPHIOGOHPHUS SP. 

MACROMIA SP. 

KYOROPSVCIIE SP. 

LIHNEPHILUS SP. 

CHAOBORUS SP. 

ATHERtX VARIEGATA 

CHIRONOHUS PLUKOSUS 

ACEPHATE 
2 ALACHLOR 
1 AHDRO 
3 AHIHOCARB 
] BARbAN 
J BENOHVL 

J ^OKIVRALIDE 

77 TESTS 

TRICIILORONATE 
TRIFLURALIN 
2,I|-D OUTYL ESTER 
2.'»-I) PROPYLCnC GLYCOL DUTYL ETHER ESTER 

1 TESTS 

1 TESTS 

1 PARATHION 

PARATHION 
PCD AROCLOR 12'i2 
PCB AROCLOR 123M 
TFH 

T PCB AROCLOR 125U 

HALATHION 
TOXAPHENE 

3 TESTS 

9 TESTS 

1 TESTS 

1 TESTS 

2 TESTS 

1 TESTS 

1 TESTS 

1 TEST; 

ii TESTS 

95 TESTS 

OXAMYL 
PENTACHLOROPHENOL COPPER SALT 
PERHETHRIN 
PHOSFLEX 31P 
PHOSMET 
PHTIIALATE DI-2-ETHYLHEXYL 
PHTHALATE DtBUTYL 
PHTIIALATE 2-ETHYLHEXYL 
PIITHALIC ACID 
PROFENOFOS 

J' < J i II..|«.»IL • » • 

4S 
/ ' • 
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Table A3. CoTUinited. 

(COhTT.) CHIRONOMUS PLUMOSUS 

10 
3 
2 
5 
1 
5 
2 
2 
3 
1 
1 
1 
1 
1 
1 
(4 
H 
1 
1 
1 

OEF 
DIFLUBEHZURON 
FENITROTHiON 
FENVALERATE 
FLUCHLORALIN 
FLUOMETURON 
FLUORENE 
FLURIDOKE 
FCSAHINE AKHONiUH 
FYRQUEL CT 
CLYPHOSATE 
HOUGHTO-SAFE 320 
KRONITEX 200 
LtNORON 
HETHOMYL 
HETOUCHLOR 
HI REX 
HON 0816 

ODT 

1 DDT 
1 ENDRIN 

1 AQUA-VATOR 
3 CUTRINE-FLUS 

PENTANEURA SP. 

TIPULA SP. 

APPLE SNAIL 

PADDLEFISH 

ANTIKYCIN A 

COHO SALMON 

ANTIMYCIN A 
AZINPHOS-HETHYL 
CAPTAN 
CARBARYL 
CARBOrURAN 
CHLORDANE 
D-TRANS ALLETHRIN 
DDT 
DINITRAHtNE 
DIURON 
ENDOTHALL AQUATKOL K 
ENDRIN 
FENAHINOSULF 
FENiTROTHION 
FENTHION 
FIRE-TROL 100 
F1RE-TR0L 931 
FOLPET 
HEXACHLOROBENZENE 
HOUGHTO-SAFE 1120 

CHINOOK SALMON 

ALDRIN 
CAPTAN 
CARBARYL 
HEXACHLOROBENZENE 
KEXACARBATE 
PENTACHLOROPHENOL 
PENTACHLOROPHENOL SODIUM SALT 

2 
2 
1 
13 
4 
R 
9 
1 
1 
1 
2 
2 
2 
1 
1 
1 
R 
1 
1 

B5 TESTS 

PROPACHLOU 
PYURAUL 50E 
SANTICIZER IRQ 
SANTICIZER ISR 
SODIUM SELENITE 
SRCM SYNFUEL 
TERBUrOS 
TOXAPHENE 
TRIALLATE 
HATER GLYCOLS 89M-RRA 
WATER GLYCOLS 89M-M4B 
WATER GLYCOLS 69^-W 
XYLENOL DIMETHYLAMINO 
2-ETHYLHEXANOL 
2,M-D BUTOXYETHANOL ESTER 
2,M-D DIHETHyLAHINE SALT 
2,M-D OODECYL/TETRADODECYL AMINE SALT 

1 TESTS 

TOXAPHENE 

DIQUAT 
KOHEEN 

3 TESTS 

6 TESTS 

1 TESTS 

105 TESTS 

LINDANE 
MALATHION 
METHYL PARATHION 
HEXACARBATE 
PHOS-CHEK 202 
PHOS-CHEK 239 
PHOXIH 
PMTHALATE DI-2-ETHYLHEXYL 
POTASSIUM NAPilTHALENEACETATE 
PYORAUL 50E 
PYRETHRUM 
RESMETHRIN 
RU-n679 
SD 16898 
SO 17250 
SILVEX 
TEMEPIIOS 
TOXAPHENE 
TflfCHLORFON 

35 TESTS 

PHOSMET 
PURIFLOC C-3 
PYDRAUL 50E 
PYRETHRUM 
UREABOR 
2,*4-D DIMETHYLAMIHE SALT 
2,1|-D DODECVL/TETRADDDECYL AMINE SALT 

7 
9 
7 
2 
5 
1 
10 
2 
H 
1 
1 
1 
2 
1 
2 
2 
5 
2 

2 
15 
2 
9 
5 
1 
8 

9 
1 
1 
2 
2 
6 
1 
1 
1 
26 
1 
20 
1 
1 
1 
1 
1 
1 
1 
1 
5 
1 

1 
2 
1 
1 

4I' 
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Table A3. Continued. 

CUTTHROAT TROUT 

SALT 

KHIHE SALT 

T 
9 
7 
2 
5 
1 
10 
2 
A 
1 
1 
1 
2 
1 
2 
2 
5 
2 
1 
7 
lA 
1 
!5 
1 
1 
1 
1 
5 
1 
1 
1 
1 
2 
15 
2 
9 
5 
1 
8 

9 
I 
1 
2 
2 
6 
1 
1 
1 
26 
1 
20 
1 
1 
1 
1 
1 
1 
I 
1 
5 
t 
1A 
t 
2 
1 
I 

ACEPHATE 
AHtNOCARB 
ANTIMYCIN A 
BENZEHE HEXACHLORIDE 
BLACK CRUDE OIL 
CAPTAN 
CARBARYL 
CHLORDANE 
CHLORPYRIFOS 
COUHAPHOS > 
CROTOKVPIIOS 
D*D SOIL FUHICANT 
DDT 
DEMETON 
OtAZINON 
OiCHLOrCNTHION 
OtCHLORVOS 
DICOrOL 
DIELDRIH 
DIFLUBEHZURON 
OINOSEB 
DIOXATHION 
DiURON 
OOWELL AITO 
OOWELL F75A 
OOWELL F75N 
DDWELL LA7 
DOWELL H38N 
OOWELL W35 
DGWiCIL 75 
EHOOTHALL HYDROTHOL 191 
ENURIR 
EPN 
EPTC 
ETHIOH 
FEHITROTHION 
FENTHION 
FLIT MLO 
GREEN CRUDE OIL 

RAINBOW TROUT 

ACEPHATE 
ACETONE 
AKTON 
ALACHLOR 
ALDICARB 
ALDRIH 
ALUETHRIH 
AHDRO 
AHETRYN 
ANINOCARB 
ANILAZINE 
AHTIHYCIN A 
APHOLATE 
AQUA COP 
AQUA-VATOR 
ARAMITE 
A1RA2INE i|L 
A2I0E POTASSIUM 
A2IDE SODIUM 
AZIMPIIOS-ETHYL 
AZINPHOS-METHYL 
OtNOHYU® ^""X'NGIENSIS 
BENSULIOE 
BEHTMIOCARB 
BENZENE"'"*'" CHLORIDE 

305 TESTS 

3 LEPTOPHOS 
2 LETHANE 36A 
5 MALATHION 
1 HETllOMYL 
5 HETIIOKYCHLOR 
2 METHYL PARATHION 
1 METHYL TRITHION 
3 HEXACARBATE 
1 NALEO 
2 PARATHION 
1 PCD AROCLOR 1221 
1 PCB AROCLOR 1232 
1 PCB AROCLOR 12»l2 
1 PCO AROCLOR 12<i8 
1 PCD AROCLOR 12511 
1 PCB AROCLOR 1260 
1 PCB AROCLOR 1262 
1 PCB AROCLOR 1268 
1 PCB AROCLOR I4I465 
1 PCB AROCLOR 5MM2 
1 PCB AROCLOR 5M60 
1 PENTACHLOROPHENOL 
1 PENTACHLOROPHENOL (OOWICIDE EC-7) 
1 PENTACHLOROPHENOL SODIUM SALT 
2 PHORATE 
1 PHOTO-DIELDRIN 
22 PICLORAH 
2 RONNEL 
2 TEMEPHOS 
2 THANITE 
1 TRETOLITE J-1M6 
1 TRETOLITE JN-9045 
7 TRETOLITE JW-8226 
17 TRICHLORFON 
6 ZINC SULFATE 
12 2.M-D 
17 2,N-D BUTYL ESTER 
16 2,N-0 PROPYLENE GLYCOL BUTYL ETHER ESTER 

917 TESTS 

Ij CHLORPYRIFOS 
2 CHLORPYRIFOS-METHYL 

CLARIFITE 
CLONITRALIOE 
COPPER SULFATE 
COPPER-COUNT-N 
COPPER-COUNT-NS 
CORREX 
COUHAPHOS 
CROTOXYPHOS 
CRYOLITE 
CUMYLPHENVL 01 PHENYL PHOSPHATE 
CYANAZIHE 
CYAHO(HETHYLMERCURI)CUANIO}HE 
D-D SOIL FUHICANT 
0-TRANS ALLETHRIN 
ODD 
ODE 
DDT 
OEAO-X 
DEF 
DEMETON 
DIAZINON 
OICAMBA 
OICHLOBENIL 
DICMLOFEHTHION 
OICHLOHE 

48 
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Table A3. Cordinued. 

21 

1 
I 

U 
2 
2 
3 
1 
10 
2 
1 
1 
2 
9 
1 
1 
1 
1v1 
6 
1 
1 
2 
3 
1) 
1 
9 

(CONT.) RAiNBOW TROUT 

BENZENE HEXACHLORJDE 
BENZOTHIAZOLE 2-MERCAPTO 
BENZOTKIAZOLE 2-METHYL MERCAPTO 
BENZOYLPROP ETHYL 
BINAPACRYL 
BOHYL 
aUTYLATE 
CAPTAFOL 
CAPTAN 
CARBARYL 
CARBOFURAN 
CCA TYPE 1 I I 
CHtORAKUEN 
CilLOROROHURDN 
CHLORDANE 
CHLOROANE-liCS-3260 
CHEOROECONE 
CHLOROiHCFORM 
CHLORENDATE DJBUTYL 
CHLORENDATE DIMETHYL 
CHLORFENVINPHOS 
CHLORINATED ALPHA OLEFIN 22/lik 
CHLORHEQUAT CHLORIDE 
CHLOROBENZILATE 
CHLORONITROPROPANE 
CHl.OROWAX LV 
CHLOROWAX 1|0 
CHLOROWAX 90 
CHLOROWAX 900C 
CHLOROWAX 70 
CHLGROXURON 
ETHANOL 
ETHION 
ETHOFUMESATE 
FTHYLAN 
ETHYLBENZENE 
ETHYLENE DI CHLORIDE 
ETHYLENE GLYCOL 
FENAC 
FENAMINOSULF 
FCNAZAFLOR 
FEHDUTATIN-OXIDE 
FENITROTHION 
FCHSON 
FENTHiON 
FENVALERATE 
FIRE-TROL 100 
FIRE-TROL 931 
FLAHPROP-METHYL 
FLUCMLORALIN 
FLUOHETURON 
FLUORODIFEH 
FLURIDPNE 
rOLPET 
FOHoros 
FOSAMINE AMMONIUM 
FOSPIRATE 
FYRQUEL CT 
CERANIOL 
CLENBAR 
GLYCEROL 
GLYPHOSATE 
IIEPTACHLOR 
HEPTACHLOR EPOXIDE 
HEXACHLOROBUTADIENE 
HEXAZINONE 
flOUGHTO-SAFE 1120 
HOUCHTO-SAFE 520 
JOOFENPHOS 
KROHITEX 200 

917 TESTS 

DICHLOROPHENYL METHYLSULFONATE 
OICHLORVOS 
OICLOrOP METHYL 
DicoroL 
DICROTOPHOS 

6 DIELDRIN 
8 DirLUBENZURON 
2 01 LAN 
2 DIMETHOATE 
1 DIMETHYL FORMAMIDE 
1 OIMETHYLSULFOXIOE 
2 DINMRAMINE 
1 DINOBUTGN 
2 DINOCAP 
1 DIOXATHION 
1 DtPHCNAMiOE 
1 DIQUAT 
I DISULFOTON 
II DtURON 
1 DNCC 
2 EMCOL AO-lllO 
k EHDOSULFAN 
1 ENDOTHALL 
2 ENOOTHALL AQUATHOL K 
1 ENDOTHALL COPPER SALT 
1 ENDOTHALL DES-I-CATE 
1 ENDOTHALL HERBICIDE 262 
1 ENDOTHALL HYDROTHOL 191 
1 ENDOTHALL POTASSIUM SALT 
6 ENDRIN 
1 EPN 
2 MIREX 
1 MOLINATE 
3 HON 0616 
1 MONOCROTOPHOS 
2 —.WONOETHANOLAMINE 
1 HSMA ~ 
5 NALED 
2 MEOOOL 25-9 
1 NITRALIN 

NITRAPYRIN 
1 NONYLPHCNYL DIPHEMYL PHOSPHATE 
2 OIUHO 11775 
3 OVEX 
2 OXAMYL 
2 OXVDEMETON-METHVL 
1 OXYTHIOQUINOX 
1 PARA-DICHLORUBEHZENE 
1 PARAQUAT 
H PARATIIION 
1 PARATHION DITHIOATE ANALOGUE 
2 PAROIL 1032 
1 PAROIL 10IJ8 
•i PAROIL 160 
3 PCB AROCLOR 1016 
1 PCD AROCLOR 121|2 
1 PCB AROCLOR 12't6 
1 PCD AROCLOR "12511 
1 PCB AROCLOR 1260 
1 PCB 2-CHLOROBI PHENYL 
1 PCB 3-CHLORODIPHENYL 
1 FOB tl-CHLOROOC PHENYL 
1| PENTACHLOnODIENOL 
6 PENTACHLOROPHENOL SODIUM SALT 
10 PERMETimiN 
2 PHORATC 
1 PHORAZETIM 
I* PHOS-CHEK 202 

PHOS-CHEK 259 
1 PHOSALONE 

-9 
1 
1 
10 
t 
1 
1 
2 
1 
1 
1 
1 
1 
7 

Tab 

1 u 
11 Ll 
1 LI 
5 LI 
5 H; 

Ml 
1 H( 
5 HI 
1 HI 
1 Hi 
1 HI 
23 HI 
2 Ml 
10 H! 
2 Ht 
1 H: 
1 Ml 
1 Ml 
10 M. 
1 R j 
1 N 
1 R 
2 R 1 
1 R ] 
1 R 1 
1 R 1 
6 S 1 
9 s 1 
2 s 1 
1 s 1 
1 s 1 
1 S i 
2 S I 
1 s 1 
1 s 1 
1 S I 

4,9 
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Tabl<* A3. Continued. 

1 
n 
1 
5 
5 
i4 
1 
5 

1 
t 
23 
2 
10 
2 
1 
1 
1 
10 
1 
1 
1 
2 
1 
1 
1 
6 
9 
2 
1 
1 
1 
2 
1 
1 
1 
9 
1 
1 
10 
1 
1 
1 
2 
1 
1 
1 
1 
1 
7 

(CONT,) RAINBOW TROUT 917 TESTS 

LAKORIN 9 PHOSFLEX 31P 
LEPTOPIIOS 18 PHOSMET 
LIME SULFUR 1 PHOSPKAHIDON 
LINDANE T PIIOXIM 
HALATHION 1 PHTHALATE DI-2-ETHYLHEXYL 
HQC k PHTHALATE DI BUTYL 
HCPB 1*1 PICLORAM 
MERPHOS 3 PIPERONYL BUTOXIDE 
METHANOL 2 PROFENOFOS 
HrTIMDATUiON 1 PHOPANIL 
KCIMIUCARU 1 PHOPHAH 
ME1I10HYL 1 PKOPOXUR 
HETMOPRENE 1 PROPYLENE GLYCOL 
METMOXYCKLOR 2 PURIFLOC C-3 
METHYL PARATHION 2 PYDRAUL 115E 
HETI.YL TRITHION 3 PYDRAUL 50E 
HETRIBUZIH 1 PYRETHRUH 
HFVINPHOS 2 RE5METHRIN 
MEXACARBATE 2 RONNEL 
ROTENONE 1 TRANID 
ROWHATC 1 TREFMID 
RU-n679 2 TRIALLATE 
RYAN!A 83 TRICHLORFON 
RYLEX D (2-HYOROXY-li-DOOECOXYOENZOPHENONE) 1 TRICHLORONATE 
RYLEX H (2,4-0(HY0ROBCN2OPHENON£) 1 TRICLOPYR 
RYLEX NBC (NICKEL OIBUTYLOITHIO CARBAMATE) 2 TRICRESYL PHOSPHATE 
SANTICIZER INO 25 TRIFLURALIN 
SANTICIZER 15M 1 TRIPHENYL PHOSPHATE 
SO 16098 1 TRIPHENYLTIN HYDROXIDE 
SO 17250 1 UC 108514 
SO 7t|38 M UREABOR 
SD 6339 1 VERNOLATE 
SILVEX U HATER GLYCOLS 891|-l4l4A 
SILVEX PROPYLENE GLYCOL BUTYL ETHER ESTER ~ U ' HATER GLYCOLS 8914-I4I4B 
SIHAZtNE u WATER GLYCOLS 89l4-l|l|C 
SODIUM ARSENITE XYLENE 
TEHEPHOS 1 2,3,N,6-TETRACHLOROPHENOL 
TEPA 1 2.M-D 
TEPP 14 2,l4-D DIMETHYLAMINE SALT 
TERDUFOS a 2,M-D DODECYL/TETRAOODECYL AMINE SALT 
TERBUTRYN 2 2,1|-D PROPYLENE GLYCOL BUTYL ETHER ESTER 
TERPEHE P0LYCHL0R1NATE5 1 2,14-0/2,14.5-T 2143&/28X 
TETRACHLORVINPHDS 1 2,14-0/2,14,5-T 3DJ6/28S 
TETRADIFON 1 2,11-0/2.11.5-T 311%/nX 
TETRAMINE 2 2.11-DB 
TETRASUL 1 2,11,5-T TRIETHYLAMINE SALT 
TH 285-N 1 2,6-DICHLOROaENZOIC ACID 
T» 336-N 1 2,6-01OCTADECYL-P-CRESOL TOLUENE 1 6-CHL0RC-2-PiC0LIHiC ACID TOXAPHENE 6-CHL0RC-2-PiC0LIHiC ACID 

AHTlMYCm A 

AHTmYCIH A 

WTIHYCIN A 
CAaBA«YL 

ANTIKYCIH A 

JHTIHYCIH A 
CAflBARYL 

RAINBOW TROUT DONALDSON 

RAINBOW TROUT IOWA 

RAINBOW TROUT HISSOURI 

RAINBOW TROUT MT. VIHITNEY 

CARBARYL 

CARBARYL 

CHLORDANE 
HALATHION 

RAINBOW TROUT NEW HAMPSHIRE 

1 CHLORDANE 

2 TESTS 

2 TESTS 

9 TESTS 

3 TESTS 

3 TESTS 

r BEST AVIilLfiBlE SOFY 
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Table A3. Continued. Table A3. C 

RAINBOW TROUT SOAP iAK£ 

2 
J'7 
15 
t 
1 
1 
19 

(to 

n 
6 
2 
2 
2 
2 
.1 
-2 
15 
1 
2 
1 
2 
1 

ANTIHYCIM A 
CARBARYL 

CARBOFURAN 
CKLORDAN£ 
0-TRAHS AULETHRIN 
PHOXIM 

ANTIHYCIN A 

ACEPIIATE 
AMiNOCARB 
AZINPIIOS-HETHYL 
CARBARYL 
ODE 
DOT 
DIFLUBENZURON 
FENtTROTHION 
METHOMYL 

AMINOCARB 
AZINPHOS-HETHYL 
CAPTAH 
CARBARYL 
CARBGFURAN 
CHLORDANE 
DDT 
OtNITRAMINE 
FEN ITROTHIOH 
FENTHION 
FOLPET 
CERANiOL 
HEKACHLOROBENZENE 
UPTOPHOS 

RAINBOW TROUT STEELHEAD 

RAINBOW TROUT WYTHEVILLE 

A7LAHTJC SALMON 

BROWN TROUT 

5 
3 
1 
3 
1 
2 
21 
11 

CHLORDANE 
HALATHiON 

PYRETHRUM 
RESMETHRIN 
RU-11679 
TRJGHLORFON 

CARBARYL 

MCTHOXYCHLOK 
HEXACARBATE 
PCB AROCLOR 1016 
PHOKIH 
PYRETHRUH 
RO-11679 
TEHEPHOS 
TRICHLORFON 

LINDANE 
HALATHION 
METHYL PARATHION 
HEXACARBATE 
PCS AROCLOR 1016 
PCB AROCLOR 1260 
PHOXIH 
PYORAUL 50E 
PYRETHRUM 
RESMETHRIN 
RU-n679 
TOKAPHENE 
TRICHLORFON 

TESTS 

13 TESTS 

2 TESTS 

131 TESTS 

77 TESTS 

1 
1 
10 
15 
8 
3 
1 
2 
1 
2 
2 

OICOFOL 
DINITRAH 
DINOSEB 
OtURON 
EPTC 
FENTHION 
FLIT MLO 
FOLPET 
LEPTOPHO 
LETNANE 
LINDANE 

AZINPHOS 
0-TRANS 
DDT 
OINITRAP 
EPN 
FENTH^O^ 
MEPTACHI 

AHTIHYCI 
AZINPHO.' 
BENEFIN 
BENZENE 
BUFENCAI 
CAPTAFOI 
CARBARYI 
COPPER ; 
DDT 
D.ICHLOD 
DICHLOR' 
DIELORI 
OINDCAP 
DIPHENA 
OIQUAT 
OmilAN 

BROOK TROUT 201 TESTS 

11 ACEPIIATE 
16 AMINOCARB 
1 AZINPHOS-METHYL 
9 CARBARYL 
2 CHLORPYRIFOS-HETHYL 
7 OIFLUBENZURON 
23 FENI TROTHION 
1 HCXACHLOROBENZENE 
2 HEXAZINOHE 
1 HOUGHTO-SAFE 1120 
3 METHOMYL 

LAKE TROUT 

1 ANTIHYCIN A 
3- CAPTAN 
5 CARBARYL 
1 CARBGFURAN 
6 CHLORPYRiroS 
1 COUHAPHDS 
2 0-TRANS ALLETHRIN 
1 DIAZIHON 
2 DICHLORVOS 

88 METHOXYCHLOR 
1 HEXACARBATE 
1 PCB AROCLOR 1016 
3 PERHETHRIH 
3 PIIOXIM 
1 PYDRAUL 50E 
6 TEMEPHOS 
1 TFM 
3 TOKAPHENE 
18 TRICHLORFON 

2 HALATHION 
2 MeTHOKYCHLOR 
2 METHYL PARATHION 
1 HEXACARBATE 
1 NALEO 
2 PARATHION 
2 PCB AROCLOR 1016 
13 PICLORAM 
3 PYDRAUL 50E 

1N6 TESTS 

AZINPHO 
CARBARY 
DOT 
OINITRA 
ENORIN 
FENITRO 

DOT 

ACEPHA' 
AKTON 
ALDRIK 
ALUMIH 
ALUMIN 
AMORO 
AHINOC 
AHITRO 
ANTIKV 
AZINPI-
BENEFI 
BENOMI 
BENZEt 

[BEST 
••I/.: 
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Table A3. Continued. 

(CONT.) LAKE TROUT 

1 OICOFOL 
1 DINITRAMINE 
10 DINOSEB 
15 OIURON 
8 EPTC 
3 FENTHION 
1 FLIT HLO 
2 FOLPET 
1 LEPTOPHOS 
2 LETHANE SBM 
2 LINDANE 

NORTHERN PIKE 

1 AZINPHOS-METHYL 
1 D-TRANS ALLETHRIN 
1 DOT 
1 DINITRAKINE 
1 EPN 
1 FENTHiON 
1 HEPTACHLOR 

GOLDFISH 

CARP 

AZINPHOS-HETHYL 
CARBARYL 
DDT 
DINITRAMINE 
ENDRIH 
FCNITROTHION 

DOT 

RIVER SHINER 

FATHEAD MINNOW 
ACCPHATE 
AKTOH 
ALORIN 
ALUMINUM HITRA» 
JIUHIHUM SULFAT. 

AMI HOCARB 
AMITROLE 
ANTIMYCIN A 
AZmPHOS-HETHVL 

BENOMYL 
DtNZEHC HEXACHLORIOE 

47 

2 
2 
2 
2 

2 
2 
6 

in 

•146 TESTS 

PYRETHRUM 
RESMETIiRIN 
RONNLL 
RU-11679 
TEMEPMOS 
TIIANITE 
TRICHLORrOH 
2,1|-D 
2,n-D BUTYL ESTER 
2.n-0 PROPYLENE GLYCOL BUTYL ETHER ESTER 

15 TESTS 

METHOXYCHLOR 
METHYL PARATHION 
PHORATE 
PIIOXIH 
PYRETHRUM 
RESMCTMRIN 
RU-11679 

TESTS 

3 AKTIMYCIN A 1 ENDRIN 
1 AZINPHOS-HETHYL 1 FENllROFHION 
1 BENEFIN 2 FENTHION 
1 BENZENE HEXACHLORIOE 2 LINDANE 
1 BUFENCARB 1 HALATHION 
2 CAPTAFOL 2 METHOXYCHLOR 
2 CARBARYL 1 METHYL PARATHION 
1 COPPER SULFATE 2 HEXACARBATE 
2 DDT 1 HSMA 
2 DICULOBENIL 1 NOREA 
1 DICMLOROPROPENE • 2 —PARATHION -
2 OlELDRIN 1 PIPERALIN 
1 DJNOCAP 1 SILVEX BUTOXYETHANOL ESTER 
1 DIPHENAHIDE 2 TOXAPHENE 
1 OIQUAT 1 TRIFLURALIN 
1 OITHIANON I TRiPiiENVLIIN HYUROXIDE 

12 TESTS 

FENTHION 
LINDANE 
HALATHION 
METHYL PARATHION 
HEXACARBATE 
TOXAPHEHE 

1 TESTS 

280 TESTS 

FENBUTATIN-OXlOE 
FENITROTHION 
FENTHION 
FENVALERATE 
FIRE-TROL 100 
FIRE-TROL 931 
FLURiOONE 
FOLPET 
FOSAMINE AMMONIUM 
FOSPIRATE 
FYRQUEL CT 
CERANtOL 
CLYPHOSATE 

52 
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Table A3. Continued. 

'fe.-

(CONT.) FATHEAD MINNOW 

BENZOYLPROP ETHYL 
CALCIUM HYPOCHLORITE 
CAPTAN 
CARBARYL 
CAR60FURAN 
CHLOROANE 
CHLORDANE-HCS-3260 
CHLOROECONE 
CHLORENDATE DI BUTYL 
CHLORENOATE DIMETHYL 
CHLORFENETHOL 
CMLORHEQUAT CHLORIDE 
CHLOROWAX 500C 
CHLORPYRIFOS-METHYL 
COPPER SULFATE 
COPPER-COUNT-N 
COPPER-COUNT-NS 
CORREX 
CROTOXYPIIOS 
CUMYLPHENYL DI PHENYL PHOSPHATE 
CYANAZINE 
CYPRA2INE 
O-TRANS ALLETHRIH 
DOU 
OUT 
DICHLODENIL 
DICHLOROPHENYL METHYLSULFONATE 
OICIILOROPROPENE 
DICHLORVOS 
OIELORIN 
DIFLUOENZURON 
DIMETHRIN 
OiNITRAMlNC 
DIPHENAMIDE 
OlSULFOTON 
DITHIANON 
ENOOSULFAN 
ENOOTHALL HYOROTHOL 191 
ENOR t N 
ETHION 
PHTKALATE Df-2-ETHYLHEXYL 
PHTHALATE DISUTYL 
PROPOXUR 
PURIFLOC C-3 
PYORAUL 115E 
PYDRAUL 50E 
PYRETHRUM 
RESHETHRIN 
RU-11679 
S^BIOALLETKRIN 
SANTICIZER 
SILVEX 
SILVEK BUTOXYCTIIANOL ESTER 
SILVEX PROPYLENE GLYCOL BUTYL ETHER ESTER 
SIMAZINE 
SODIUM SELCNITE 
TEMEPHOS 
TEPP 
TERBUFOS 
TOXAPHENE 
TRI-H-BUTYL PHOSPHATE 

1 
8 

PCB AROCLOR 1016 

CHLORDANE 
0-TRANS ALLETMRIN 
PCB AROCLOR 1016 

LONCNOSE SUCKER 

WHITE SUCKER 

280 TESTS 

HALOWAK 1099 
HEPTACHLOR 
HEXACHLOROBCNZEHE 
IIOUGHTO-SAFE 1120 
HOUCHTO-SAFE 520 
LEPTOPHOS 
LIME SULFUR 
LINDANE 
MALATHION 
HOC 
HCPB 
METIIOMYL 
METHOPRENE 
METIIOXYCHLOR 
METHYL PARATHION 
HETOLACHLOR 
HEXACARDATE 
MIREX 
MITIN FF 
MDH 0816 
M0N0CR0T0PHO5 
MSHA 
NALEO 
NEOOOL 25-12 
NEODOL 25-9 
NJTRAPYRIH 
NONYLPHENYL 01 PHENYL PHOSPHATE 
NOREA 
ORTHO 11775 
PARATHION 
PENTACHLOROPHENDL 
PENTACHLOROPHENOL SODIUM SALT 
PERMETHRIN 
PHOS-CHEK 202 
PMOS-CHEK 259 
PIIOSALONE 
PlIOSFLEX 31P 
PHOSMET 
PHOSPHAMIDON 
PHOXIH 
TRICHLORFON 
TRIFLURALIN 
TBI PHENYL PHOSPHATE 
TRIPHENYLTIN HYDROXIDE 
UREABOR 
WATER GLYCOLS B9l|-»I»JA 
WATER GLYCOLS e9R-RH8 
WATER GLYCOLS 89I|-HUC J 
2-HVDROXy-2•,M,H•-TR J CKLORODI PHENYL ETHO 
2-HYOROXY-R,N'-DICHLORODI PHENYL ETHER # 
2,3»U,6-TETRACHLOROPHENOL 
2.3.5-TRIMClim. NAPHTHALENE 
2.3.6-1RiCIILONOULNZOIC ACID 
2,3.6-7IUMETHYL NAPHTHALENE 
2,n-D 
2,l|-D BUTOXYETHANOL ESTER 
2,1|-D DIHETHYLAMINE SALT 
2,t|-D OOOECYL/TETRADODECYL AMINE SALT 
2,N-D8 
2,U,5-T TRIETHYLAMINE SALT 

1 TESTS 

8 TESTS 

RESHETHRIN 
RU-n679 

5 
BEST AVBItABLE COPY 

r 

•ivr4' 
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HPHEWYL 
LNYU ETHER 

AM I HE SALT 

Table A3. Continued. 

1 ALOHIN 
2 ANTIHYCIN A 
3 AZINPHOS-METHYL 
1 CARBARVL 
?. DOT 
1 DIELDRIN 
2 DIQUAT 
1 ENDRIH 

BLACK BULLHEAD 

rs 

TS 

CHANNEL CATFISH 

2 
1 
1 
1 
1 
1 
5 
2 
1 
9 
1 

1 
6 
2 
1 
1 
1 
1 
1 
1 
1 
3 
J 
1 
1 
1 
5 
y 
y 
y 
y 
2 
y 
y 
2 
y 
y 
2 
y 
y 
y 
3 
2 
y 
2 
1 
6 
5 
1 
\ 

y 
y 
2 
2 
2 
y 
! 

ACEPHATE 
AERO XANTHATE 3H3 
AEROFROTH 71 
AKTOH 
ALDRIN 
AMDRO 
AHINOCARB 
AMITROLE 
ANILAZINE 
ANTIMYCIN A 
AQUA COP 
AQUA-VATOR 
AZINPHOS-METHYL 
BENOHYL 
BEHTHIOCARB 
BENZENE 
BENZENE HEXACHLORIOE 
BENZOTHIAZOLE 2-HERCAPTO 
BENZOTIIIAZOLE 2-HETHYL HERCAPTO 
BINAPACRYL 
CAPTAFOL 
CAPTAN 
CARBARYL 
CARBOFURAN 
CARBOPHENOTHION 
CCA TYPE 111 
CMLORQROMURON 
CIILORDANF. 
CHLORDANE-HCS-3260 
CHLORDECONE 
CHLORDIMEFQRM 
CIILORENDATE D I BUTYL 
CHLORENDATE OIHETHVL 
CHLORFEHETHOL 
CHLCRMEQUAT CHLORIDE 
ClILOKOWAX 50DC 
ClILOROXURON 
CHLORPYRIFOS 
CORREX 
COUHAPHOS 
CRD70KYPH0S 
CUMYLPHENYL 01 PHENYL PHOSPHATE 
CYAHAZINE 
CYTROL AHITROLE-T 
t)-D SOIL FUHICANT 
0-TRANS ALLETHRIN 
OOD 
DOT 
DEF 
OEHETON 
OICHLOFENTHION 
DICOrOL 
OICROIOPHOS 
DIELDRIN 
DiruUBENZURON 
DIHEIHRIN 
DINIIRAMIHE 
OlSULFOTON 

25 TESTS 

FENTHION 
HEPTACHLOR 
LINDANE 
HALATHION 
METHYL PARATHION 
HEXACARBATE 
TOXAPHENE 
TRICHLORFON 

BNI TESTS 

DITHIANON 
ENOOSOLFAN 
ENDOTHALL 
ENDOTHALL AQUATHOL K 
ENDOTHALL HYOROTHOL 191 
ENDRIN 
EPN 
ETHION 
ETHYLBENZENE 
FENBUTATIN-OXlOE 
FEN I TROTH I ON 
FENTHION 
FENVALERATE 
FLAMPROP-METHYL 
FLUCHLORALIN 
FLUOMETURON 
FLUORODIFEN 
FLURIDONE 
FOLPET 
FOSAMINE AMMONIUM 
FYRQUEL CT 
CLYPIIOSATE 
HALOWAX 1099 
HEPTACHLOR 
HEXACHLOROBENZENE 
HEXACIILORQBUTAD1ENE 
HOUGHTO-SAFE 1120 
JODFENPHOS 
LEAD ARSENATE 
LEPTOPHOS 
LINDANE 
LINURON 
MALATHION 
HBC 
MERPHOS 
METHOHYL 
METHOPRENE 
METHOXYCHLOR 
METHYL PARATHION 
METHYL TRITHION 
HETRIBUZIN 
HEVINPHOS 
MEXACARBATE 
HON 0816 
HONOCROTOPHOS 
HSMA 
NALED 
NEODOL 25-12 
NEODOL 25-9 
NITRAPYRIN 
ORTHO 11775 
OXAMYL 
OXYDEHETON-HETHYL 
PARAQUAT 
PARATHION 
PARATHION DITHIOATE ANALOGUE 
PAROIL 1032 
PAROIL 1QM8 

S4 
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TabJeAS. Cmtimied, 

(CONT.) CHANNEL CATFISH 

PANOiL 160 
PCB AROCLOR 1016 
PCB AROCLOR 121i2 
PCB AROCLOR 12N8 
PCS AROCLOR 1251| 
PCB AROCLOR 1260 
PENTACIILOROPHENDL 
PENTACHLOROPIJENOL COPPER SALT 
PENTACIILOROPHENOL SOOJUH SALT 
PERHETHRIN 
PHORATE 
PHOSFLEX 31P 
PMOSMET 
PHOSPHAMIDON 
PHOTO-DIELORIN 
PHOXJM 
PHTHALATE 0J-2-ETHYLHEXYL 
PHTHALATE DI BUTYL 
PICLORAM 
PROFENOFOS 
PROPACHLOR 
PROPYL ISOME 
PURIFLOC C-3 
PYDRAUL n3E 
PYDRAUL 50E 
PYRETHRUM 
RESMETHRIN 
RONNEL 
ROTENONE 

2 
1 
1 
2 
1 
5 
1 
1 
1 
1 
26 
2 
3 
1 
1 
6 
1 
1 
1 
2 
1 
1 
2 
6 
2 
1 
1 
1 
1 

ANTIHYC1H A 

DICHLORVOS 

ANTIMYCIH A 

ANTUIYCIN A 

WALKIHO CATFISH 

KOSQUITOFISH 

1 

MOSQUtTOFiSH 

MosquiTonsH 

NON-RESISTANT 

1 

RESISTANT 

GREEN SUNFISH 

ANlIHYCIN A 
A2INPH0S-METHYL 
BINAPACRYL 
CARBARYL 
CARBOPHENOTHION 
COPPER SULFATE 
DOT 
OlCilLOBENiL 
ENDOTHALL COPPER SALT 

SLUEGILL 

ACEPHATE 
AERO XANTHATE 313 
AEROFROTH 71 
AKTON 
ALACHLOR 
ALDICARB 
ALORIN 
ALLETHRIN 
AMORO 

311 TESTS 

ftU-11679 
RYAN IA 
5-BIOALLETHRIN 
SILVEX 
SODIUM SELENITE 
TEMEPHQS 
TERBUFOS 
TETRACHLORVINPHOS 
TETRAD IFON 
TOLUENE 
TOXAPHCNE 
IRIALI AlE 
IRICIILORFON 
TRICIILOROMANOELIC ACID 
TRICRESYL PHOSPHATE 
TRIFLURALIN 
TRI PHENYL PHOSPHATE 
UREABOR 
WARFARIN 
XYLENOL OIHETHYLAMIHO 
Z-200 
2,3,1,6-TETRACHLOROPHENOL 
2,1-D BUTOXYETHANOL ESTER 
2,1-D OIMETHYLAMINE SALT 
2,»J-D DOOECYL/TETnADODECYL AMINE SALT 
2,1-D OLEYLPROPYLEHEDIAMINE SALT 
2,»l-D/2.ll,3-T 2ti%/2B% 
2,1,5-T TRIETHYLAMINE SALT 
6-CHL0R0-2-PlC0LtNiC ACID 

1 TESTS 

ENDRIN 

PARATHION 

PARATHION 

FLNI1R0IIII0N 
FENIHION 
LINDANE 
MALATIIION 
METHYL PARATHION 
MCXACARBATE 
PARATHION 
TOXAPHENE 

CHLOROWAX 70 
CHLORPYRIFOS 
COPPER OXYCHLORIOE 
COPPER SULFATE 
COPPER-COUNT-N 
COPPER-COUNT-NS 
CORREH 
COUMAPHOS 
CROTOXYPIIOS 

2 TESTS 

2 TESTS 

2 TESTS 

32 TESTS 

959 TESTS 
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Table A3. Continued. 

{CONT.) BLUECILL 

AMETRYN 
AMINOCARB 
ANILAZINE 
ANTIMYC(N A 
APHOIATE 
AQUA COP 
AQUA-VATOR 
ARAM]IE 
ATRAZINE 1L 
AZCOE POTASSIUM 
AZIOe SODIUM 
AZINPHOS-ETHVL 
AZINPHOS-HETHYL 
OACilLUS THURINCIENSIS 
BENOMYL 
6ENSU1 IDE 
BENTHtOCARB 
BENZALKQNIUM CHLORJDE 
BENZENE 
BENZENE HEXACHLORIDE 
BENZOmiAZOLE 2-HERCAPTO 
BENZ0THIA20LE 2-METHYL MERCAPTO 
BENZOYLPROP ETHYL 
BIHAPACRYL 
BQHYL 
BU7YLATE 
CACODYLIC ACID 
CAPTAFOL 
CAPTAN 
CARDARYL 
CARQOFURAN 
CARDOPHENOTHION 
CCA TYPE I I I 
CHLORAMDEN 
CHLORDANE 
ClILOROANE CIS 
CHLORDANE TRANS 
CHLDRDANE-HCS-3260 
CMLORDECONE 
CHLORENDATE DIBUTYL 
CULORENDATE OIHETilVL 
CHLORFENVINPHOS 

ALPHA OLEFIN 22/liU 
CHLORMEQUAT CHLORIDE 
CHLORQNITROPROPANE 
ClfLOROHAX LV 
CHLOROWAX liO 
CHLORQWAX 50 
CHLGROHAX 5Q0C 
ENDRIN 
EPH 
CtHION 
nilDFUHESATE 
ETHYLAN 
CTHVLBENZENE 
t[||VUNE GLYCOL 

EERAMINOSULF 
FCHAZAFLOR 
[fU?Vi^TN-OXIDE 
.UnRCMoN 

ftHVALERATE 
{ Jt-TROL 100 
FIRE'-TROL 931 
rLAHpROp-HETHVl 
JLUCHLORALIN ' 
'lUOMETURON \ 
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!" BEST AVSIMBiC fiPT 

959 TESTS 

2 CRUFOHATE 
1 CRYOLITE 
2 CUTRINE-PLUS 
2 CYANAZINE 
i| CVIIEXATIN 
2 CYPRAZINE 
2 CYTROL AHITROLE-T 
7 D-D SOIL FUMIGANT 
13 D-TRANS ALLETHRIN 
1 DALAPON 
7 OCPA 
1 DDD 
1 DDE 
7 DDT 
I OEAD-X 
II DEF 
7 OEMETON 
1 DIAZINOH 
1 DICAMBA 
2 DICIILOBENIL 
1 DICHLOFENTHION 
1 DICIILONE 
7 DICHLORVOS 
1 DICLOFOP METHYL 
1 DiCOFOL 
1 DICROTOPHOS 
6 DIELDRIN 
8 DIFLUBENZURON 
7 OILAN 
1 DIMETHOATE 
m DIHETilRIN 
1 DIMCTHYLSULfOXIDE 
1 DINITRAHINE 
1 DINOBUTON 
-2 DINOCAP 
1 DIOXATHION 
1 OIPIIENAMIDE 
10 DIQUAT 
1 DISULFOTON 
12 DIURON 
1 ONOC 
1 EMCOL AD-mO 
1 END05ULFAN 
1 ENDOTHALL 
9 ENDOTHALL AQUATHOL K 
1 ENDOTHAL! COPPER SALT 
1 ENDOTHALL HERBICIDE 282 
1 ENDOTHALL HVDROTHOL 797 
1 ENDOTHALL POTASSIUM SALT 
2 MIREX 
1 MITIN FF 
1 MNFA 
1 MOLINATE 
N HON 0878 
1 HONOCROTOPHOS 
1 MONOETHANOLAHINE 
3 HSMA 
1 M-BUTANOL 
1 N,N-D t METHYL-2.H-OICHLOROPHENOXYACETAMIDE 
1 NALEt) 
1 NI1RALIN 
1 NOREA 
2 OHTHO 71775 
1 OVEX 
2 OXAHYL 
7 OXYDEHETON-METHYL 
1 OXYTHIOQUINOX 
1 PARAQUAT 
7 PARATHION 
1 PARATHION DITHIOATE ANALOGUE 

I 

•> 
» 
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Table AS. Continued. 

IT} 

(com.) BLUECILL 959 TESTS 

1 FLUORENE 1 PAROIL 1032 
2 FtURtOONE 1 PAROIL 1048 
1 FOLPCT 1 PAROIL 160 
1 FONOFOS 2 PCB AROCLOR 1016 
1 rOSAMlNE AHHONIOM 1 PCB AROCLOR 121)2 
9 FYRQUEL GT 2 PCO AROCLOR 1248 
16 CLYPHOSATE 2 PCB AROCLOR 1254 
3 BEPTACHLOR 1 PCa AROCLOR 1260 
1 UEPTACHLOR EPOXIDE 2 PENIACHLOROPIIENOL 
1 HERCULES 7175 2 PENTACllLOnOPHENOL SODIUM SALT 
2 HEKACHLOROBENZENE 10 PERHETimiN 
1 MEXACHLOROBUTAO i ENE 6 PHORATE 
1 MEXAZINONE 1 PIIOS-CHEK 202 
3 HOUCHTO-SAFE 1120 1 PHDS-CIIEK 259 
1 HOUCHTO-SAFE 520 1 F1ID5AL0NE 
\ HYDROXY-S-TRIA2INYL AUNINE 9 PMOSFLEX 31P 
1 KOMEEN 33 PIIOSMET 
9 kUONlTtX 200 1 PftOSPHAMlDON 
1 LANDRIN 1 PIIOTO-DlELDRIN 
2 LEPTOPHOS 14 PHOXIH 
t LIME SULFUR 2 PimiALATC OI-2-ETHYLHEXYL 
6 LINDANE 5 PHUIALATE DIBUTYL 
8 MALATHION 10 PICLORAH 
1 HCPA OIHETHYLAHINE SALT 2 PIPCRONYL BUTOXIDE 
1 MCPB 2 PROFENOFOS 
7 HERPHOS 1 PROPANIL 
1 HETHIOATIIION 1 PRQPIIAM 
1 HETIMOCAim 1 PROPOXUU 
21 MEJIIOMYL 2 PUUIM 00 C-3 
2 MC1II0PRCNC 1 PYORAUL n5E 
1 METIIOPROTUYHE 3 PYORAUL 50E 
5 HETIIOKYCHLOR 15 PYRETHRUM 
3 HETHYL PARATHION 3 RESMETHRIH 
2 METHYL TRITHION 3 RONNEL 
1 NETKI6UZIN 1 ROTENONE 
3 HCVINPHOS 2 RU-11679 
16 MEXACARBATE 1 RYAN 1A 
n S-BIOALLETHRIN 1 TRICLOPYP. 
6 SANTICIZER 1l}8 2 TRICRESYL PHOSPHATE 
9 SANTiCIZER 154 16 TRIFLURALIN 
2 SD 16896 1 TRIPHENYLTIN HYDROXIDE 
2 SD 17250 1 TRITON B-1956 
1 SD 7438 1 UC 10854 
1 SO 8339 4 UREA80R 
3 SILVEK 2 VERNOLATE 
2 SILVEX BUTOXYETHANOL ESTER 1 WATER GLYCOLS e9l|-44A 
2 SILVEX POTASSIUM SALT 1 WATER GLYCOLS B94-44B 
2 SILVEX PROPYLENE GLYCOL DUTYL ETHER ESTER 1 WAI'tR GLYCOLS 894-44C 
1 SIHAZINE 12 XYLENE 
1 SODIUM ARSENITE 2 XYLCNOL AMINO 
2| TEMEPHOS 2 XYLENOL DIHETIIVLAMINO 
3 TEPP 1 Z-200 
10 TEROUFOS 1 2-ETllYLHEXANOL 
1 TER6UTRYN 1 2.3,4,6-TETRACHLOROPHENOL 
2 TCRPENE POLYCHLORtNATES 1 2,4-0 
2 TETRACHLORVIHPHDS 3 2,4-D BUTOXYETHANOL ESTER 
1 TETRADIFON 8 2,4-0 OIHETHYLAMINE SALT 
1 TETRAHINE 5 2.4-D OODECYL/TETRADODECYL AMINE S/ 
1 TH 265-N 1 2,4-D OLCYLPROPYLENEOIAMINE SALT 
1 TH 336-N 2 2,4-0 PROPYLENE GLYCOL BUTYL ETHER 
9 TOLUENE 2 2,4-0/2,4,5-T 24%/26% 
12 TOXAPIIENE 1 2,4-0/2.4,5-T 305/28% 
1 IRAN ID 1 2,4-0/2,4,5-T 34X/17* 
2 TREFMIO 2 2,4-OB 
65 TRICHLORFON 1 2,4,5-T TRIETHYLAMINE SALT 
1 TRICHLORONATE 1 2,6-DICHLOR0&ENZ01C ACID 
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Table A3. Continued. 

REDEAR SUNFISH 

1 AKTON 
1 ANlLAZiNE 
^ CHLQRDECONE 
7 DDT 
1 FENAC 

1 D-TRANS ALIETHRIN 
1 FOLPET 
1 PHOSMET 
a PYRETHRUM 

SHALLHOUTH BASS 

53 

IB TESTS 

5 HEPTACHLOR 
1 MALATHION 
1 SILVEX BUTOXYETHANOL ESTER 
2 2,A,5-T BUTOXYETHANOL ESTER 

9 TESTS 

1 RU-11679 
1 2,t4-D DIHETHYLAHINE SALT 
2 2,il-D DODECYL/TETRADODECYL AMINE SALT 

LARGEHOUTH BASS TH TESTS 

1 
1 
5 
1 
1 
y 
5 
\ 

y 
2 
y 
y 
y 
2 
y 
1 
\ 

y 
y 
2 
y 
y 
y 
1 
y 
3 s 

ALORIN 
AHINOCARB 
ANTIHYCIN A 
AZINPHOS-HETHVL 
BENZENE HEXACHLORIOE 
CARBARYL 
CHIORDANE 
COUMAPHOS 
CROTOXYPHOS 
CVHEXATIN 
D-0 SOIL FUMICANT 
D-TRANS ALLETHRIN 
ODD 
DDT 
DEHETON 
OICHLOFENTHIOH 
DICWLOROPROPENE 
DiCOFOL 
DIELORIN 
DIOXATHION 
OtSULFOTON 
ENORIN 
EPN 
ETIIION 
FENAZAFLOR 
FENTHION 
FIRE^TROL 100 

AHTIHYCIN A 

AZIHPHDS-HETHYL 
CARBARYL 

WHITE CRAPPIE 

BUCK CRAPPIE 

1 FIRE-TROL 931 
1 HEPTACHLOR 
1 HEXACHLOROBENZENE 
1 LEPTOPHOS 
1 LINDANE 
2 MALATHION 
2 HETHOHYL 
2 METHOXYCHLOR 
1 METHYL PARATHION 
1 METHYL TRITHION 
1 HEVINPHOS 
1 HEXACARBATE 
1 HIREX 
1 NALEO 
1 OXYOEHETON-METHYL 
1 PARATHION 
1 PHORATE 
1 PHOS'CHEK 202 
1~' PHOS-CHEK 259 
1 PHOSMET 
1 PYRETHRUM 
1 RESMETHRIN 
1 nu-n679 
N TEMEPHOS 
2 TOXAPHENE 
1 TRICHLORFON 
1 TRlPLURAL IN 

1 TESTS 

3 TESTS 

DDT 

N£ S*>-' 

ILT 
) 

7 
U 
1 
17 
1 
U 
3 
1 
1 
I 

ACEPilATE 
AHINOCARB 
^yiHYClK A 
JJWHOS-HETHVL 
CARBARYL 
CARBOrURAN 
CMLOROANE 

ALLETHRIN 

YELLOW PERCH 133 TESTS 

METHYL PARATHION 
HEXACARBATE 
HIREX 
PAROIL 1032 
PARC IL lONB 
PAROIL 160 
PCB AROCLOR 1016 
PCD AROCLOR 12M2 
PCD AROCLOR 12N8 
PCD AROCLOR 125tt 

BEST hWmU COPY 
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Table A3. Continued. 

(COWT.) YELLOW PERCH 

OtFLUBENZURON 
OIHETimiN 
OINITRAHINE 
DIQUAT 
ENDRIN 
rEKITROTHION 
rCMTMIOH 
FOLPET 
HOUGHTO>SAFE 1120 
LEPTOPHOS 
LtNDANE 
MALATHJON 
HETHOKYCHLOR 

AHINOCARB 
COUHAPnOS 
D-D SOIL FUHIGANT 
DDD 
DDT 
DCHETON 
DiCHLOFENTHiON 
DICHLOBOPROPENE 

WALLEYE 

DOT 
DlELORtH 
ENDRiH 

TILAPJA 

FOWLERS TOAD 

ALDRIh* 
AZiNPHOS-HETHYL 
BENZENE HEXACKLORtDE 
DDD 
DDT 
OCF 
OiCLORIN 
ENOOTHALL HYDROTHOL 191 
ENDRIN 
HEPTACMLOR 

133 TESTS 

PGR ARQCLOR 1260 
PHOXm 
PRIRALATE 01BUTYL 
PYORAUL 50E 
PVRETHRUM 
RESHETimiN 
RU-n679 
S-BIOALLETHRIN 
TOXAPHENE 
TRJCHLORFON 
TRICRESYL PHOSPHATE 
XYLENOL DIMETHYLAMINO 

17 TESTS 

EPN 
HALATIIiGN 
MIREX 
OXYDEMETOH-HETHYL 
PHORATE 
PYRETHRUH 
TBI PLURALIN 

10 TESTS 

MALATHiON 
METHOXYCHLOR 
HETHYL TRITHION 

25 TESTS 

LINDANE 
MALATHION 
METHOXYCHLOR 
MOLINATE 
PARAQUAT 
PAHAIHiON 
SILVCX PROPYLENE CLYCOL BUTYL ElHER 
TOXAPHENE 
TRIFLURALIN 
2,I»-D BUTOXYETHANOL ESTER 

Ta 
Co 
AC 
AC 

AJ 
A1 
AJ 
A" 
A 
A 
A 

A 
A 
A 
A 

WESTERN CHORUS FROG 

AZINPHOS-HETHYL 
DOT 
OIELDRIN 
ENDRIN 
LINDANE 
MALATHION 
METHOXYCHLOR 

13 TESTS 

HETHYL PARATHION 
HEVIHPHOS 
PARAQUAT 
PARATHION 
PIPEROHYL BUTOXIDE 
TOXAPHENE 

I iji 
|(V 

\¥'' 

BEST mum 
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Table A4. Common and altermte names of chemicals ttsedfor aquatic toxicity testing. 
Common name Alternate name 

ACEPHATE 
ACETONE 

AKTON 
ALACHLOR 
ALDICARB 
ALDRIN 
ALLETHRIN 
ALUMINUM NITRATE 
ALUMINUM SULFATE 

AMDRO 
AMETRYN 
AMINOCARB 
AMITROLE 

ANILAZINE 
ANTIMYCIN A 
APHOLATE 
ARAMITE 
AROCLOR 1221 
AROCLOR 1232 
AROCLOR 1242 
AROCLOR 1248 
AROCLOR 1254 

AROCLOR 1260 

AROCLOR 1262 
AROCLOR 1268 
AROCLOR 4465 
AROCLOR 5442 
AROCLOR 5460 
ATRA2INE 4L 

AZIDE (SODIUM) 
AZLNPHOS ETHYL 
AZLNPHOS METHYL 
BARBAN 
BENEFIN 
BENOMYL 
BENSULIDE 
BENTHIOCARB 
BENZALKONTUM CHLORIDE 
BENZENE 
BENZENE HEXACHLORIDE 

Orthene; Ortho 12420; Ortran 
dimethyHcrm^dehyde; ^methylketol; dimethyl ketone; ketone propane; methy 
ketone; propanone; pyroacetic acid; pyroacetic ether 
Axiom 
Alanex; Pillarzo 
Temik; CMS 771; 002)149 
Aldrex 30; Aldrine; Aldrite; Aldrosol; Altox; Drinox; HIIDN; Octalene 
Pailethrine; Pynamin 
Aluminum trinitrate; nitric acid aluminum salt; nitric acid aluminum (3+) salt 
Alum; aluminum sul&te (2:3); alununum trisulfate; cake alum; dialuminum sulfate; 
dialuminum tnsulfate; luminum alum; sulfuric acid aluminum salt (8:2) 
AC 217,300; CL 217,300 
Ametrex; Criaatrine; Evik; (j-34162; Gesapax 
A 363; aminocarbe; Bay 44646; Matadl 
Amerol; Anuno-triazole; Anuno Triazole Weedkiller 90; Amitrol T; Amizol; AT-90; 
ATA; AT Uquid; Azolan; Azole; Cytrol; Cytrol Amitrole-T; IMurol; Herbizole; 
Simazol; Weedazol; Weedazol TL, Amitrol 
Direz; Dyrene; Kemate; Triasyn 
Antapiricullin; Virosin 
APN; ENT-26,316; NSC-26812: GUN MO. 2174; pholate; SQ 8388 
Aracide; Niagoramite; 88-R 
Arochlor 1221; chlorodiphenyl (21% 01); polychlorinated biphenyl (Aroclor 1221) 
Arochlor 1232; chlorodiphenyl (32% CI); polychlorinated biphenyl (Aroclor 1232) 
Arochlor 1242; chlorodiphenyl (42% CI); polychlorinated biphenyl (Aroclor 1242) 
Arochlor 1248; chlorodiphenyl (48% CI); polychlorinated biphenyl (Aroclor 1248) 
Arochlor 1254; chlorodiphenyl (54% CI); NCI<J02664; polychlorinated biphenyl 
(Aroclor 1254) 
Arochlor 1260; chlorodiphenyl (60% CI); Clophen A60; Phenoclor DPS; polychlori
nated biphenyl (Aroclor 1260) 
Arochlor 1262; chlorodiphenyl (62% CI); polychlorinated biphenyl (Aroclor 1262) 
Arochlor 1268; chlorodiphenyl (68% CI); polychlorinated biphenyl (Aroclor 1266) 
Arochlor 4465; polychlorinated biphenyl (Aroclor 4465) 
Arochlor 6442; polychlorinated triphenyl (Aroclor 5442) 
Arochlor 6460; polychlorinated triphenyl (Aroclor 5460) 
AAtrex; Atranex; Atred; Cripatrina; Crisazine; Fannco Atrazine; Griffex; Shell 
Atrazine Hetbicide; Vectal SC 

Azinos; Bay 16259; <!)otnion-Ethyl; Crysthion; Gusathlon A; Triazotion 
Bay 17147; Carfene; Cotnion-Meth^; Gusathlon M; Guthion; metiltriozodon 
barbamate; batbane; Gaibyne; chlorinat 
Balan; Balfin; benfluralin; Benefex; Bethrodine; Quilan 
Beniate; Tersan 1991 
Betamcc; Betasan; Exporsan; Prefar; Pre-San 
Bolero; Saturn; Satumo; Siacarb; Tomariz; Thiobencarb 
Barquat MB-50; Borquat MB-80; BTC; Ro^; Zephiran 
Benzol 
Benzahex; Benzex; BHC; Del; Dolmix; Gommexane; Gexone; HCCH; HCH; 
Hexablanc; hexachlor; hexachloran; Hexafor; Hexamul; Hexapoudre; Hexydan; 
Hilbeech; Kotol; Sopn>dde; Submai^ 666 

• • GO 
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Table A4. Continw.d. 
Common name Alternate name 

BENZOTHIAZOLE Z-METHYL 
MERCAPTO 

BEN20YLPR0P ETHYL 
BENZYL BENZOATE 
BINAPACRYL 

BOMYL 
BUPENCARB 
BUTOXYL POIYPROPYLENE 

GLYCOL 
BUTYLATE 
CACODYLIC AGIO 
CALCIUM HYPOCHLORITE 
CAPEAFOL 
CAPEAN 
CARBARYL 

USAF EK-4008 

SD 30053; Suffix; Suffix 25; WL 17731 
Ascabin; Ascabiol; Ben^lets; Coleben:^ Novoscabin; Peruscabin; Vanioate; Venzonate 
Acridd; Ambox; Dapacryl; dinoseb; Endosan; FMC 9044; Hoe 2784; methaciylate; 
Morodde; Morrocid; NLA 9044 
Fly Bait Grits; GC-3707: Swat 
Bux; Ortho 5353 
Stabilene Fly Repelient 

CARBOFURAN 
CARBOPHENOTHION 
CHLORAMBEN 
CHLORBROMURON 
CHLORDANE 

CHLORDASE CIS ^ 
CHLORDANE TRANS 
CHLORDECONE 
CHLORDIMEFGRM 
CHLORFENETHOL 
CHLORFENVmPHOS 

CHLOBMEQUAX CHLORIDE 

CHLOROBENZILATE 
CHLORONITROPROPANE 
CHLOROWAX 40 
CHLOROWAX 500C 
CHLOROXURON 
CHLORPYRIFOS 
CHLORPYRIFOS-METHYL 
CLONITRALIDE 
COPPERrCOUNT-N 
COPPER OXYCHLORIDE 

COPPER SULFATE 
CORREX 
COUMAPHOS 
OROTOXYPHOS 
CRUPOMATE 
CRYOLITE 

R-1910; Sutan 
Dilic; Rad-E-Cate 25 
bleaching powder; chloride of lime 
Difolatan; Haipen; Merpafol; Piliartan; Sanspor 
Captane; Merpan; Orthocide; PUIarcap; Vondcaptan 
Carbamine; Cekubaiyl; Denapon; Devicarb; Dicaitoi; Hexavin; Karbaspray; Nac; 
Ravyon; Septene; Sevzn; Tercyl; Tricamam; UC 7744 
Bay 70143; Curaten; D1221; ENT 27164; FMC 10242; Furadan; NIA10242; Yaltox 
Dagadip; Garrathion; R 1303; Trithion 
Amiben; Amiben DS; chlorambene; Ornamental Weeder 
C6313; chlorobromuron; Maloran 
Belt; Chlordan; Chlor Kil; Chlortox; Corodane; KypcWon Niran; Niran 5% granular 
bait; OctacWor; Or.ta-Klor; Ortho-Klor; SnyWor; Topiclor 20; Velsicol 1068 

^—ttiplia-Chlordane 
patntno-Chlordane ^ 
GC1189; Kepone ^ 
Bermat; C 8514; ENT 27567; EF-S33; Fundal; Galecron; SN 36268 
BCPE; DCPC; dichlorodipbenylethanol; Dimite; DMC; Qikron 
Apachior; Birlane; Birlane 24; C 8949; CFV; CGA 26351; Compound 4072; 
Sapecron; SD 7859; Steladone; Supona; Vinylphate 
CeCeCc; Chlomnequat-chloride + cholin chloride; Cycocel; CycocehExtr^ Cyogan; 
Hico CCC; Hormocel-2CCC; Increcel; Lihocin 
Acaraben; Akar; Benzilan; Folbex smoke*strips: Kop'Mite 
Korax; Lanstan 
NCI-C53543 
NCI-C53587 
C-1983; chloroxifenidim; Tenoran 
Brodan; Dursban; Eradex; Lorsban; Pyrinex 
DOWCO 214; Ent 27620; Reldan 
Bay 6067; Bayluscid; Niclosamide; SR73 

BASFGrunkupfer; baste copper chloride; Blitox; Chempar, Cob(uq Coprantol; Cop 
Hoxi Cupraman Cupravit; Cuprokylt; Cuprosana; Cuprovinol; Cuprojq Dericoppen 
FVtolan; Kauritii; Kilex; Recop; Rhodia/nuvre; Vlricuivre; Vitigran 
Bluestone; blue copperas; blue vitriol; Triangle 

Asuntol; Bay 21/199; Baymbc; Co-Ral; DioUce; Meldane; Museatox; Resistox 
Ciodrin; Ciovap; Cypona E.G.; Decrotox; DuthKill; Doravos; SD 4294 
Dowco 132; Ruelene 
Kxyodde 

% 
Cc 
CI 
C 
C 

c 
c 
c 
2 
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snate 
/late; 

r,Nac; 

:T&ltox 

I granular 
11068 

liimd 4072; 

l.-s; Cyogan; 

l^rantol; Cop 
; Dcvicopper, 

t; Resistox 
h294 
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l^le A4. Continued. 
Common name Alternate name 

CUTRINE-PLUS 
CYANAZINE 
CYANO (METHYLMERCURI) 

GUANIDINE 
CYHEXATIN 
CYPRAZINE 
CYTROL AMITROLE-T 
2,4-D ACID 

2.4 DB 

2,4-D BUTOXYETHANOL 
ESTER 

2.4-D BUTYL ESTER 

2,4-D DIMETHYLAMINE 
SALT 

2.4-D ISOOCTYL ESTER 
DALAPON 

DCPA 
D-D SOIL FUMIGANT 
DDD 
DDE 
DDT 

DEET 
DEF 
DEMETON 
DIAZINON 

DICAldBA 

DICHLOBENIL 
DICHLOFENTHION 
DICHLONE 
WCHLOROPROPEKE 
DICHLORVOS 

DICLOFOP METHYL 

Bladex; Portral; SD 15418; WL 19805 
Morsodren; Panodrin A-13; Panogen TUrf F\ingicide 

Dowco 213; Plictran 
Outfox; S-9il5 
Amitril T.L.; Amitrol T 
Agrotect; Amcocone; Aqua-Kle€n;BH 2,4-D; Chipco TUrf Herbicide "D"; Chloroxone; 
Crop Rider; D50; Dacamine; Debroussaillant 600; Ded-Weed; Desormone; Diiioxol; 
DMA 4; Dormone; Emulsamine BK; Emulsamine E-3; Envert 171; Envert 
Esteron Brush Killer; Esteron 99 Concentrate; Estone; FUrmoo; FUmes^ Fbmimine; 
Fbmoxone; Ferxone; Fbrmula 40; Hedonal; Herbidal; Lawn-Keep; Macrondray; 
Miracle; Netagrone 600; Pennairiine D; Planotox; Plantgard; Rhodia; Salvo; Spritz-
Honnin/2,4-D; Spritz-Hormit/2,4-D; Super D Weedone; Superormone Concentre; 
Ttansamine; THbuton; U 46; U 46 D-Ester; U 46 D-Fluid; Visko-Rhap; "Weedar, 
Weedatul; Weed-B-Gon; We^one; Weed-Rhap; Weed Tbx; Weedtrol 
Butoxon; Butoxone; Butoxone amine; Butoxone ester; Butyrac; Butyrac 20^ Butyrac 
esten Embutox; Embutox E 
Bladex-B; Brush Killer 64; 2,4-D-Be^ 2,4-D butoxyethyl ester, Planotooc; Weedone LV4 

Butyl 2,4-D; butyl dichloro-phenoxyacetate; Esso Herbicide 10; Femesta; lironox; 
Shell 40 
2,4-D amine; 2,4-D amine salt; Bladex G; Formula 40; Hormin; Phordene 

BasOqran/Basfapon N; BH Dalapon; Grisapon; Dal^n 85; Dals^n-Na; Ded-Weed; 
Devipon; Dowpon; Dowpon M; DPA; Gramevin; Revenge; Unipon 
chlorthal dimethyl; Dactbal 
Nemafene 
Rhothane; TDE 

Anofex; Arkotine; Chlorophcnothane; DDT technical; DDT 75% WDF; Dedelo; 
Didirriac; Digman Genitox; Gyron; Hildit; Ixodex; Kopsol; Micro DDT 75; Neodd; 
Pentachlorin; R50; Rukseam; Zeidane; pp'Zeld^e; Zerdane 
Detamide; Metadelphene; MGK Diethyltoluamide; OFF 
De-Green; E-Z-Off D; Fos-Fall "A"; Ortho Phosphate Defoliant 
Bay 10756; demeton-O 4 demeton-S; E 1059; mercaptofos; Systernox; Systox 
Bas'jdin; Dazxel; Diagram; Dianon; Diaterr-Fos; Diazajet; Diazatol; Diazide; Diazol; 
Dizir.on; Dyzol; G-24480; Gardentox; Kayazinon; Kayazol; Neocidol; Kipsan; 
Sarolex; Spectradde 
Banex; Banvel 45; Banvel CST; Banvel D; Banvel Herbidde; Banvel H Herbidde* 
Banvel 4WS; CST; dianat 
Casoron; Decabane 
dDichlofention; dichlorofenthion; Mobilawn; Tri-VCl3; VC-13 Ncmacide 
Phygon; Quintar 
Telone II Soil Fumlgant 
Apavap; Benfos; Cokusan; Cypon^ DDVF; Dedevsp; Devikol; Divipan; Duo-Kill; 
Duraws; Fly-Di^ Fly Fighter; HerkoJ; Mafu; Marw^ Nogos; No-Pest; Nuvan; Oko; 
Phosvit; Thtravos, UDVF, Vapona; Vaponite; Vapoiu II; Verdhan; Verdipor, Verdisol 
Hoe-23408; Hoe^rass; Hoelon; Hodon S EC; lUoxan; Boxan 
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Table A4. Continuad. 
Common name Alternate name 

k'tf. 

^53-. 

DICOFOL 
DICROTOPHOS 
DIELDRIN 
DIFLUBENZURON 
DILAN 
DIMETHOATE 

DIMETHRIN 
DIMETHYL FORMAMIDE 
DIMETHYLSULFOXIDE 

DXNITRAMINE 
DINOBUTON 
DINOCAP 
DINOSEB 

DIOXATHION 
DIPHENAMIDE 

DIQUAT 
DISULFOTON 

DITfflANON 
DIURON 

DNOC 
DODINE 

DOWELL A170 
DOWELL F75A 
DOWELL P76N 
DOWELL L47 
DOWELL M38N 
DOWELL W85 
DOWICIDE EC-7 

(PEmACHLOROPHENOL) 
(WRANS ALLETHRIN 
ENDOSULFAN 

ENDOTHALL 

ENDRIN 
EPN 
BPTC 
ETHANOL 

Acarin; Cekudifol; FW-293i Hifo!; Kelthane; Mitigan 
Bidrin; C 709; Carbicron; Diapadrin; Ektafos; SD 3562 
Dieldrex; Dieldrine; Dieldrite; Octalox; Panoram D-31 
Dimilin; DU112307; ENT-29054; CMS 1804; PDD 6040-1; FH 6040; TH 6040 

AC-12880; Bi 58 EC; Cekuthoate; Cygon; Daphene; De-Fend; Demos-L40; Devigon; 
Dimate 267; Dimethoate tcchnisch 95%; Dimethogen; Fosfamid; Fostion MM; 
Perfekthion; Rebelate; Rogodiai; Rogor; Roxion; Trimetion 
Dimethrine 
DMF; NCI-C60913; NSC 5356; U-4224 
Demasorb; Demavet; Demcso; Dermasorb; dimethyl sulfoxide; dimethyl sulphoxide; 
DMS-70; DMS-90; DMSO; Doligia-, Dromisol; Gamasol 90; Hyadur, Infiltrin^ methyl 
sulfoxide; Somipront; SQ 9453; Syntexan 
Cobex; Cobexo; Dinitroamine; TJSB-3584 
Acrex; Dessin; Dinofen; Drawinol; UC 19786 
Arathane; Crotothane; Iscothane; Karathane; Mildex 
Basanite; Caldon; Chemox General; ChemoxPE; ChemsectDNBI^ dinitro;Dinitro-3; 
Dinitro General; dinosebe; DNBP; Dynamyte; Elgetol 318; Gebutox; Hel-Fire; Kiloseb; 
Nitropone C; Premerge 3; Sinox General; Subitcx; Unicrop DNBP; Vertac Dinitro 
Weed Killer 5; Vertac .General Weed Killer; Vertec Selective Weed Killer 
Delnav; Detic; Hercules AC528 
DIF 4; IMmid; diphenamid; Dymid; Enide; Enlde 50; Fcnam; lr34314; UUy 34,314; 
U 4513; SOW 
Aquacide; Deiquat; Dextrone; region; Reglone; Reglox; Weedtrine-D 
Bay 19639; Bay S2 Vo; Di-Syston; Disyston; dithiodemeton; dithioi^stox; Ethylthio-
demeton; Frumin AL; M-74; Solvirex; thiodemeton 
Delan; Thynon 
CeWuron; Dailon; Diater; dichlorfenidim; Di-on; Direx 4L; Diurex; Diurol; Orexel 
Diuron 4L; Dynex; Farmco Diuron; Kamiex; Unidron; Urox "D"; Vonduron 
ChemsectDNOC; DNC; Elgetol 30; Nitrador; Selinon; Sinox; Trifodde; Trifrina 
AC 5223; Apadodine; Carpene; Curitan; Cyprex; Doquadine; Melprex; Syllit; 
Ssitrex; Venturol; Vondodine 
corrosion inhibitor A170 
Ewsflo F75A surfactant 
Ezeflo F75N surfactant 
Gypban L47 scale inhibitor 
silicate control additive M38W ' 
emulsion sjid sludge preventer W35 
88% pentachlorophenol; 12% other chlorophenols 

Bioallethrin 
Benzoepin thiodan; Bcosit; Chlorthiepin; Ctisulfan; Cydodan; Devisulphan; Endocel; 
Endosol; EnSure; FMG 5462; Hildan; Hoe 2671; Insectophene; Kop Hodan; Malix; 
NIA 5462; Thifor; Thimul; Thiodan; Thiofor, Thionex; Thiosulfan; Tiovel 
Accelerate; Aquathol; Aquathol K; Des-i-cate; Endothal; Endothal liirf Herbicide; 
Endothal We^ Kilien Herbicide 273; Hydout; Hydrothol; Hydrothol 47; 
Hydrothol 191 
Endrex; Hexadrin; Nendrin 

f ' 

Eptom 
Alcohol; ethyl alcohol 

I 

I 
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|oitxo-3; 
Qloseb; 

iDiiutro 

J; Drexel 
luron 

iTrifrina 
Syllit; 

, Bndocel; 
;MalbQ 

irel 
j Herbicide: 
srothoi 

'i "•» 

59 

Table A4. Continued. 
Common name Alternate name 

ETHION 
ETHOFUMESATE 
ETHYLAN 
ETHYLBENZENE 
ETHYLENE DICHLORIDE 
ETHYLENE GIYCOL 

2-ETHYLHEXANOL 
FENAC 
FENAMINOSULF 
FENAZAFLOK 
FENBUTATIN'OXIDE 
FENITROTHION 

FENSON 
FENSULFOTHION 
FENTHION 
FENVALERATE 
FLAMPROP-METHYL 
FLIT MLO 
FLUCHLORALIN 
FLUMETURON 
FLUORODIFEN 
FLURIDONE 
FOLPET 
PONOFOS 
POSAMINE AMMONIUM 
FOSPIRAIE 
GERANIOL 
GLENBAR 
GIYCEROL 

GIYODIN 
GLYPHOSATE 
HEPIACHLOR 
HEPJACHLOR EPOXIDE 
HERCULES 7175 
HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXAZINONE 
JODFENPHOS 
KOMEEN 
UNDRIN 
LEAD ARSENATE 
bEPTOPHOG 
J^HANE S84 
UME SULFUR 
UNDANE 

Diethion; Ethanox; Ethiol; Hylemox; Rhodiacide; Rhododde; V^^^u Fosmite 
NC 8438; Nortranese; Nortron; Tramat 
Perthane 
EB; ethylbenrol; NCLC56393; phenylethane 
EDO 
ethylene alcohol; ethylene dihydrate; glycol; gl^l alcohol; Lutroh9; Macrogol 400 
BPC; M.E.G4 monoethylene glycol; NCI-C00920; Tfescol 

chlorfenac; Tri-Fen; Trifene 
Bay 22555; Bayer 5072; Lesan 
Fenozaflor 
SD 14114; Torque; Vendex 
Accothion; Agrothion; Bay 41831; Bay S 5660; Cekutrothion; Cytel; Dybar; Fenitox; 
FolifJuon; MEP; Novathion; Nuvanol; S 5660; Suimthion 
CPBS; Fenizon; Murvesco; PCPBS 
Bay 25341; Dasanit; S 767; Terracur P 
Bay 29493; Baycid; Baytex; Entex; Lebaycid; mercaptophos; S 1752; Tiguvon 
Behnark; Ectrin; Pyiin; S-560% Sanmarton; SD43775; Sumiadin; Sumifly, Sumipower 
Lancer; WL 29761 

Basalin 
O2059; Cotoran; Cottonex; Lanex 
0 6989; Preforan 
Sonar 
Folpan; Phaltan; Thiophal 
Dyfonate; N-2790 - . 
Krenite bnish control agent 
Dowco 217; ENT 27521; Torelle 
geraniol alcohol; geraniol extra; geranyl alcohol; Guaniol; Lemonol 
OCS-21944 
glycerin; glycerine; glyceritol; glycyl alcohol; synthetic glycerin; 90 technical 
glycerine; tr^ydroxypropane 
Crag Fruit Fungicide 341 
glyphosate isopropylamine salt; Roundup 
Drinox H>34; Heptachlore; Heptamul; Heptox 
ENT 25,584; epoxyheptachlor; KCE; heptachlor epoxide; Velsicol 53-08-17 

Antdcarie; Ceku C.B.; HCB; No Bunt 
C-46; Dolen-Pur; GP-40-66:120; HCBD; hexachlorbutadiene; perchlorobutadiene 
Velpar weed killers 
C-9491; iodofenphos; Nuvanol N 

Gypsine; Soprabel; Talbot 
MBCP; Phosvel 

Security Lime Sulphur 
Gamma BHC; Exagama; Forlin; Gallogama; Gam^hex; Gamma-col; Gammalin; 
Gammex; Gammexane; gammaHCH; Inexit; Isotox; Lindafo:-; Lindagam; Lindagrain; 
Lindagranox; Lindalo; 1 Jndamul; Lindapoudre; Lin^tena; I^tox; Novigam; Sllvanol 

-'I V-.. •>>>• 
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Table A4. Continued. 
Common name Alternate name 

LINURON 
MALATHION 

MBC 
MCPB 
MERPHOS 
METAM-SODIUM 

METHANOL 
METHIDATHION 
METHIOCARB 
METHOMYL 
METHOPRENE 
METHOPROTRYNE 
MEraOXYCHLOR 
METHYL DEMETON 
METHYL PARATHION 

METHYL TRITHION 
METOLACHLOR 

METRIBUZIN 
MEVINPHOS 
MEXACARBATE 
MIREX 
MITINFF 
MNPA 
MOLINATE 
MONOCROTOPHOS 

MONOETHANOLAMINE 

MSMA 

NALED 
N-BUTANOL 

NEODOL25-9 
NEOIK)L 25-12 
NTTRALIN 
NITRAPYBIN 
NITROFEN 
NOREA 
ORTHO11775 

Afalon; Hoe 2830; Linex 4L; Linorox; Linurex; Lorox; Sarclex 
Calmathion;cM'bofos;Ccithion;Cyt}uon:l>etmolMA&6%;Enimatos;EmmatosExtra; 
For-Mal; F^anon; ffilthion; Km-bofos; Kop-'niion; Kypfos; Malamar; Malaphele; 
Malaspray; Malathion ULV Corvcentrate; Malatol; maldison; Maimed; Maltox; 
Mercaptothioo; mercaptotiion; MLT; Sumitox; Vegfru Malatox; Zithiol 

Can-Tro!; 2,4-MCPB: 2M-4KA-M; PDQ; Thistrol; !IVQpatox 
Deleaf Defoliant; Easy Off-D; Fclex 
A7 Vapam; cari>am; Karbation; Maposol; Metam-Fluid BASF; SMDC; Solasan 500; 
Sometam; Trimaton; Vapam; VPM 
Alcohol 
GS-13005; Somonil; Supracide; Ultracide 
Bay 37344; Draza; H 321; mercaptodimethur; Mesurol; metmercapturon 
Lannate; Nu-Bait 11; Nudrin; SD14999 
ZR-515 
G3'^3393; Gesaran; Metmrotryn 
Chcmform; Flo Pro Mc Seed Protectant; Marlate 
Bay 15203; demeton methyl 
Cekumethion; Devitbion; Dimethyl Parathion; Drexel Methyl Parathion 4E; E601; 
PolidolM;FoafemoM50;Gearphos;Metadde;metafos;Metaphos;Nitrox80;Parataf; 
Parathion-methyl;Paratox;PartPonM;Penncap-M;Tekwaisa;VertacMediylParatluon 
technisch 80%; Wofatox 

Bleep; CGA-24705; Codal; Cotoran Multi; Dual; hKlocep; Ontrack 8E; Primagram; 
Primextra 
Bay 94337; Bay DIG 1468; Lexone; Sencor; Sencoral; Sencorex 
Apavinphos; Duraphos; Gesfid, Menite; OS-2046; Phosdrin; Phosfene 
Z^tran 
Dechlorane; GC-1283 

FAM; Nissol 
Hydram; Ordram 
Apadrin; Azodrin; Bilobran; 0 1414; Crisodrin; Huodrin; MonocU 40; Monocron; 
Nuvacroij, -YMardrin; Plantdrin; SD 9129; Susvin 
Colamine; ethanolamioe; ethylolamine; glydnol; MEA; olanune; Tluofaca 1^-50; 
USAFEK-1597 
Ansar 170 H.C.; Ansar 529 H.G.; Arsenate laqtud; Bueno 6; Daconate 6; Dal-E-Rad; 
He]:l>*AlI; Merge 823; Mesajnate; Monate; Target MSMA; lyans-Vert; Weed-E-Rad; 
Wced-Hoe 
Bromchlophos; Bromex; Dibrom; RE 4355 
1-butanol; butan-l-ol; butyl hydrojdde; butyric or normal primary butyl alcohol; 
CCS 203; 1-hydroxybutane; methylolpropane; n-butyl alcohol; propylcarbinol; 
propylmethanol 

Planavin 
Dov^'co 163; N-Serve 
nitrofene; nitrophen; Nip; Tok; Tok E-25: Tok WP-SO; TrizUin 
Herban; Hercules 7531; noruron 
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ixtra; 
3hele; 

laltox; 

,500; 

llonocron; 

luco M-50; 

jal-E-Kad; 
Ud-S-Bad; 

I /I alcohol; 
Mcarbinol; 

Common name Alternate name 

OBYZALIN 
OVEX 

OXAMYL 
OXYDEMETON-METHYXi 

OXYTHIOQUINOX 
PARA-DICHLOROBENZENE 
PARAQUAT 

PARATHION 

PEBULATE 
PENTACHLOROPHENATE 

SODIUM 
PENTACHLOROPHENOL 

PERMETHRIN 

PRORATE 
PHORAZETIM 
PHOSALONE 
PHOSMET 
PHOSPHAMIDON 
PHCiTO-DIELDRIN 
PHOXIM 
PICLORAM 
PlPERALIN 
PIPERONYLBUTOXIDE 
PROFENOFOS 
PROPACHLOR 
PROPANIL 

PROPI-UM 
PROPOXUR 

PROPYLisoME 
PROPli'LENE GLYCOL 

PYRETHRUM 
RESMETHRIN 
ROKNEL 
ROTENONE 
ROWMATE 
RYANIA 

JDiriroal; R^lan; Surflan 
rfilorofeirizon; Chlorfenson; Corotran; CPCBS; difenson; q>hirsuIphonate; Estonmite; 
Niflgaratran; ovatran; Ovochlor; Ovotran; Sappiran 
DPX1410; VydateLinsectidde/nematicide 
Bay 21097; demeton-S-methyl sulfoxid; metasystemox; Metasystox-R; metdmercap-
tofosoksid 
Bay 36205; chinometluonat; chinomethionate; Morestan; quinomethioriate; SS 2074 
Paracide; PDB 
Cckuquat; Crisquat; Dextrone; Dexuron; Esgram;GramonoI; Gramoxone; Gramuron; 
Herbaxon;Hertoxone;Paracol;Pathclear;Pillarquat;PilIarxone;Sweep;Terraklene; 
Totacol; Toxer Total; Weedol 
AC3422;Alkron; Aileron; Aphamite;Bladan;Corothion;Drexelparathion8E;E-€05; 
ENT15108; Ethyl Parathion; EtUon; Folidol E-605; Fosfemo 50; Niran; Orthophos; 
Panthion; Paramar; Paraphos; Parathene; Parawet; Phoskil; Rhodiatox; SopraAion; 
Stathion; Thiophos 
PEBC;R-20€l;Tillam 
Santobrite; sodium pentachlorophenate; Weedbeads 

Dow Pentachlorophenol; DP>2 Antimicrobial; PCP; penchlorol; penta; Pentacon; 
Penwar; Priltox; Santobrite; Santophen; Sinituho; Weedone 
Ambush; BW-21*Z; Ectiban; FMC-33297; Indothrin; Katil; Permasect; Perthrine; 
Pounce; PP 557 
AC 3911; Phorate-lOG; Rampart; Thimet; Timet; Vcgfru Foratox 
Bay 38819; Gophacide 
Axofene; RP11974; Rubitox; Zolone 
Appa; Imidan; Kemolate; phosmet; PMP; Prolate R-1504 
Apanudon; C 570t^mecrqn; Dixon 
NCI-C00599 
Baythion; Bay 77488; phoxime; Volator. 
Amdon; Grazon; Tordon 
Pipron 
Butacide; Piperonyl Butoxide technical; Prentox Piperonyl Butoxide technical 
CGA-25324; Coracron; Polycron; Selecron 

Bay30130; Chem Rice; DPA; Farmco Propanil; F^'-734; Herbox technical; Propanex; 
Prop-Job; Riselect; Stam F-34; Stam M-4; Stam Supemox; Stampede BE; Strel; 
Supemox; Surcopur; Surpur; S10165; Vertac 
Ban-Hoe; Beet-IUeen: Chem-Hoe; IFC; IPC; Premalox; Triherbide-IPC; Tuberite 
Aprocarb; Bay 39007; Baygon; Blattenex; Propyon; Suncide; Tugon FUegcnkugel; 
Unden 
K-Propyl isome 
Methyl glycol; Methylethylene glycol; monopropylene glycol; PG 12; Sirlene; 
trimethyl glycol 
Pyrethrins 
Benzofuroline; Chrysron; Premgard; Pynosect; Pyrctherm; Synthrin 
Ectoral; Etrolene; fenchlorfos; fenchlorphos; Nankor); Korian; Trolene; Viozene 
Chem Fish; Derris; Nicouline; Prentox; Tubatoxin 
Sirmate; UC 22463 
BonideRyatox;groundRyaniasped8a(Vahl)stemwood(aIkoloidryanodine);Ryanexel; 
Ryania powder; Ryania spedosa; Ryanidde; Ryanodine 

Bm 
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Table A4. Coutinwd. 
Coircnoaname Alternate name 

S-BIOALLETHRIN 
SD7438 
SD8339 
SD16898 
SD17250 
SILVEXACID 

SILVEX PROPYLENE 
GLJrCOL BUTYL 
ETHER ESTER 

SIMAZINE 

SODIUM ARSENITE 
SODIUM SELENITE 
2.4,5-T BUTOXYBTHANOL 

ESTER 
TBMEPHOS 
TEPA 
TEPP 
TERBUFOS 
TEBBUTRYN 
TERPENE 

POLYCHLORINAIES 
2,3,4,6. 

TETRACHLOROPHENOL 
TETRACHLORVINPHOS 

TETRADIFON 
TETRAMINE 
TETRASUL 
TFM 
THANITE 
TOLUENE 
TOXAPHENE 

TRANID 
TREFMID 
TRIALLATE 
TRICHLORFON 

2,8,6'TRICHL0R0BEN20IC 
ACID 

TRICHLORONATB 
TRICLOPYR 
TRICRESYL PHOSPHATE 

TRIFLURALIN 

TRI-N-BUTYL PHOSPHATE 

Bsbiol; Esbiol Concentrate 90% 
ENT 25.739; Shell SD 7,438 
Accel 

Amchem 2,4,5-TP; Aqua-Vex; Double Strength; fenc/prop; PnritoneT; Kuron; Kui-osal; 
Silvex; SUvi-Rhap; Weed.B.Gon 
Kuron 

Aqua2ine;Cekusan;FarmcoSimarine;Pramed;G.27692;G^top;PrimatolS;Princep; 
Simadex; Simanex; Sim-trol 

disodium selenite 
Bladex H; Honnoslyr SOOT; Trinoxol 

Abate; Abathion; Difenthos; Ecopro; Nimitox 
Aphoride; APO 
Tetron; Vapotone 
Counter 15G Soil Insecticide-Kematidde 
GS14260; Igran; Prebane; Terbutrex 
Strobane 

Dowicide 6; tetrachlorophenol 

Appex; CVMP; Debantic: DustM; Garddde; Gardona; Rabon;Rabond; ROL; SD 8447; 
Stirofos 
Nia 6488; Tedion; Tedion V-IS 
TEM 
AnimertV-lOl 
Hoe 02770; l«npredd; l^predde; TFN 

Methacidc; methylbenzene; methylbenzol; NC1<107272; phenylmethane; Toluol 
Attac 4*2; Attac 4-4; Attac 6; Attac S-S; Attac 8; camphechlor, Camphoclor; * 
Camphofene Huileux; Motox; Phenacide; Phenatox; Polychlorocamphene; 
Strobane T-SO; Toxakil; Toxon 63; Vertac Toxaphene 90 
UC2047A 

Avadex BW; Far-Go 
Bovinox; Briten; Cekufon; Cidosom; dorofos; Crmex; Danex; dipterex; Dylox; 
Equino-Ald; Leivasom; Neguvon; ftoxol; Trichlorphon; Trinsx; Tugon 
Benzac; HC.12Si: 2,3,6-TBA: TCBA; Tribac; trichlorobenzoic add 

Agrisil; Agritox; Bay 87289; fenophosphon; Phytosol; S4400; trichloronat 
Garlon 3A; Garlon 4 
Celluftex 179C;cresylpho8phate;DisSfimiollTK]F,Pyrquel 150;1MOLS 140; Kronitex; 
Lindol; NCI.C61041j tn5(tolyioxy)phosphme oxide; tntoiy) phosphate 
Crisalina; Digermin; E tancolan; Farmco^l^uraHn; Ipersan; Sinflouran; Trefonodde; 
Treflan; Trifluraline; T^urex 
Celluphos 4; TBP; trifautyl phosphate 
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Table A4. Continued.-
Commoii name Alternate name 

TRIPHENYL PHOSPHATE 
TRIPHENYLTIN 

HYDROXIDE 
UC10854 
UREABOR 
VERNOLATE 
WARFARIN 

XYLENE 
ZINC SULFATE 

Celluflex TPP; TPP 
Du-Ter; Duter, fentin hydroxide; Haicn; Suzu H; TPTH; TPTOH; Tubotin 

Hercules AC 5727 

Surpass; Vemam 
Co-Rax; Coumafene; Cov-R-Tox; Kypferin; Liqua-Tox; Mouse Pak; Rat Pak; Ratox; 
RAX; Rodex; Rodex Blox; Rutoxin; Tox-Hid; Warfarin Q; Zoocoumarin 
Xylol 
NU-Z 

JD8447; 

[Toluol 
Inphoclor; 
lunphene; 

Ijx; Dylox; 

lit 

hKromtfix; 

refenodde; 

[BEST AyAllABLE COPY 
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Table A5. Acute toxicity data for ̂ 10 chemicals atid 66 species offreskwaier animals from the Coium6iaiVa-
tioniii Fisheries FesearcA. Laboratory, U,S, Fish and Wildlife Service, 2965-1984. 

Contents 

•sV. 

Sf'c -t*? 

Table No. Table No. 
page Cbmtcots of tests page Chemicals of tests 

I ACBPHATE 66 65 CAFTAN 15 
4 ACEIXONB 1 66 CARBARYL 136 
5 AEROPHOTH 71 2 72 CARBOFURAN 15 
6 AERO XANTHAIE 343 2 73 CARBOPHENOTHION 6 
7 AKTON 5 74 CCA TYPE HI 5 
6 ALACHLOR 8 75 CHLORAMBEN 2 
9 ALDICARB 4 76 CHLORBROMURON 2 

10 ALDRIN 26 77 CHLORDANE 56 
12 ALLETHRIN 6 80 CHLORDANE CIS 1 
13 ALUMINUM NITRATE 1 81 CHLORDANE-HCS.3260 8 
14 ALUMINUM SULFATE 1 82 CHLORDANE TRANS 1 
15 AMDRO 6 83 CHLORDECONE 14 
16 AMETRYN 2 84 CHLORDIMEFORM 2 
17 AMINOCARB 144 85 CHLORENDATE DIBimi, 7 
23 AMITROLE 5 86 CHLORENDATE DIMETHYL 9 
24 ANILAZINE 5 87 CHLORFENETHOL 4 
25 ANTIMYCIN A 108 66 CHLORFENVINPHOS 5 
30 APHOLATE 2 89 CHLORINATED ALPHA OLEFIN 
31 AQUA COP 3 22/44 2 
32 AQUA-VATOR 4 90 CHLORMEQUAT CHLORIDE 4 
33 ARAMITE 6 91 CHLOROBENZILATE 3 
34 ATRAZINE 4L 2 92 CHLORONITROPROPANE 3 
35 AZIDE POTASSIUM 6 93 64:HLORO-2.PICOLINIC ACID G 
36 AZIDE SODIUM 6~ —94 —CHLOROWAX UV_ 2 
37 AZFNPHOS.ETHYL 6 95 CHLOROWAX 40 2 
88 AZINPHOS-METHYL 77 98 CHLOROWAX 50 2 
42 BACILLUS THURINGIENSIS 3 97 CHLOROWAX 70 2 
43 BARBAN 2 98 CHLOROWAX 500C 13 
44 BENEFIN 3 99 CHLOROXURON 2 
45 BENOMYL 41 100 CHLORPYRIFOS 23 
47 BENSULIDE 3 101 CHLORPYRIFOS-METHYL 5 
48 BENTHIOCARB 6 102 CLARIFITE 1 
49 BENZALKONIUM CHLORIDE 2 103 CLONITRALIDE 9 
50 BENZENE 11 104 COPPER-COUNT-N 3 
51 BEITZEKE KEXACHLORIDE 12 105 COPPER-COUNT-NS 3 
52 BENZOTHIAZOLE Z-MERCAPTO 6 106 COPPER OXYCHLORIDE I 
53 BEN20THIA20LE 2-METHYL 107 COPPER SULFATE 7 

MERCAPTO 9 108 CORREX 7 
54 BENZOYLPROP ETHYL 9 109 COUMAPHOS 9 
55 BENZYL BENZOATE 1 110 CROTOXYPHOS 8 
56 BINAPACRYL 5 111 CRUFOMATE 4 
57 BLACK CRUDE OIL 5 112 CRYOLITE 4 
58 BOMYL 3 113 CUMYLPHENYL DIPHENYL 
59 BUFENCARB 4 PHOSPHATE 3 
60 BUTOXY POLYPROPYLENE 114 CUTRINE-PLUS 5 

GLYCOL 1 115 CYANAZINE 11 
61 BUTYLATB 6 116 Cni!ANO (METHYLMERCURI) 
62 CACODli Lie ACID 4 GUANiDlNE 3 1 
63 CALCIUM HYPOCHLORITE 2 117 CYHEXATIN 8 1 
64 CAPTAFOL 9 118 CYPRAZINE 4 
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iNa-

iJ^o. 
' tests 
15 

136 
15 
6 
5 
2 
2 

56 
1 
8 

^ 1 
"14 

2 
7 
9 
4 
5 

2 
4 
3 
3 
6 
2 
2 
2 
2 

13 
2 

23 
5 
1 
9 
S 
3 
I 
7 
7 
9 
8 
4 
4 

3 
5 

II 

1 
8 
4 
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Table A5. Continued. 

Contents 

Table 
page Chemicals 
119 
120 
121 
122 
124 
127 

129 
130 

131 

133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
146 
147 
148 
150 
151 
152 
153 
154 
155 
156 
157 

158 
159 
160 
161 
162 
163 
165 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 

CYTROL AMITROLE-T 
2,4-r> 
2,4-D BUTOXYETHANOL ESTER 
2,4-D BUTYL ESTER 
2,4.D DIMETHYLAMINE SALT 
2,4-D DODECYLTETRADODECYL 
AMINE SALT 
2.4.D ISOOCTYL ESTER 
2,4-D OLEYLPROPYLENEDIAMINE 
SALT 
2,4-D PROPYLENE GIYCOL BUTYL 
ETHER ESTER 
2,4-D/2,4.5.T 24%/28% 
2,4.D/2,4,5-T 30%/28% 
2,4-D/2,4,5-T 34%/17% 
DALAPON 
2,4.DB 
DCPA 
D-D SOIL FUMIGANT 
DDD 
DDE 
DDT 
DEAD-X 
DEBT 
DEF 
DEMETON 
DIAZINON 
DICAMBA 
DICHLOBENIL 
DICHLOFENTHION 
DICHLONE 
2.6.DICHLOROBENZOIC ACID 
DICHLOROPHENYL 
METHYLSULFONATE 
DICHLOROPROPENE 
DICHLORVOS 
DICLOFOP METHYL 
DICOFOL 
DICROTOPHOS 
DIELDRIN 
D1FLUBEN2UR0N 
DILAN 
DIMETHOATE 
DIMETHRIN 
DIMETHYL FORMAMIDE 
DIMETHYLSULFOXIDE 
DINITRAMINE 
DINOBUTON 
DINOCAP 
DINOSEB 
2.6-DIOCTADECYL-PCRESOL 

No. Table No. 
of tests page Chemicals of tests 

€ 177 DIOXATHION 8 
21 178 DIPHENAMIDE 9 
18 179 DIQUAT 18 
33 180 DISULPOTON 9 
51 181 DITHIANON 3 

182 DIURON 59 
39 185 DNOC 5 
1 186 DODINE 1 

187 DOWELL A170 1 
2 188 DOWELL F75A 1 

189 DOWELL F75N 1 
45 190 DOWELL U7 1 
4 191 DOWELL M38N 6 
2 192 DOWELL W35 1 
2 193 DOWICIL 75 1 
4 194 D-TRANS ALLETHRIN 29 
6 196 EMCOL AD-410 3 
9 197 ENDOSULFAN 10 
7 198 ENDOTHALL 3 

21 199 ENDOTHALL AQUATHOL K 14 
3 200 ENDOTHALL COPPER SALT 4 

85 201 ENDOTHALL DES-I-CATE 1 
6 202 ENDOTHALL HERBICIDE 282 2 
1 203 ENDOTHALL HYDROTHOL 47 1 

31 204 ENDOTHAT.T. HYDROTHOL 191 9 
10 205 ENDOTHAT.T. POTASSIUM SALT 3 
10 206 ENDRIN 53 
7 209 EPN 11 

15 210 EPTC 25 
11 212 ETHANOL 2 
5 213 ETHION 13 
2 214 ETHOFUMESATE 4 

215 ETHYLAN 2 
2 216 ETHYLBENZENE 12 
5 217 ETHYLENE DICHLORIDE 3 

16 218 ETHYLENE GLYCOL 3 
2 219 Z-ETHYLHEXANOL 2 
8 220 FENAC 10 
S 221 FENAMINOSULF 5 

37 222 FENAZAFLOR 3 
42 223 FENBUTATIN-OXIDE 6 

4 224 FENITROTHION 160 
5 231 FENSON 2 

18 232 FENSULPOTHION 2 
1 233 FENTHION 43 
2 235 FENVALERATE 29 

16 237 FIRE-TRGL 100 12 
2 238 FIKE-TROL 931 12 
6 239 FLAMPR0PB4ETHYL 7 

24 240 FLITMLO 2 
1 241 PLUCHLORALIN 11 

r. • . .-rt •. 'r'.' , w; 
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Table A5. Continued. 

Contents 
Tahle No. Table No. 

page Chemieala of tests page Chemicals of tests 

242 FLUOMETURON 12 302 METHOXYCHLOR 146 
243 FLUORENE 3 309 METHYL DEMETON 2 
244 PLUORODIFEN 2 310 METHYL PARATHION 31 
245 FLURIDONE 36 312 METHYL TRITHION 9 
247 FOLPET 14 813 METOLACHLOR 6 
248 FONOFOS 2 314 METRIBUZIN 5 
249 POSAMINE AMMONIUM 7 315 MEVINPHOS 16 
250 FOSPIRATB 3 316 MEXACARBATE 90 
251 FYRQUEL GT 23 320 MIREX 13 
252 GERANIOL 4 321 MITINFF 2 
253 GLENBAR 1 322 MNFA 1 
254 GLYCEROL 1 323 MOLINATE 9 
255 GLYODIN 1 324 MON 0818 XI 
256 GLYPHOSATE 51 825 MONOCROTOPHOS 5 
259 GREEN CRUDE OIL 10 826 MONOETHANOLAMINE 3 
260 HALOWAX 1099 2 327 MSMA 6 
261 HEPTACHLOR 81 328 NALED IS 
263 HEPTACHLOR EPOXIDE 2 329 N-BUXANOL 1 
264 HERCULES 7175 1 330 NEODOL 25-9 4 
265 HEXACHLOROBENZENE 12 331 NEODOL 25-12 3 
266 HEXACHLOROBUTADIENE 3 832 NITRALIN 4 
267 HEXAZINONE 5 333 NTfRAPYRIN 7 
268 HOUGHTO-SAFE 520 9 834 NTTROFEN 1 
269 HOUGHTO-SAFE 1120 15 335 NN-DIMETHYL-2,4-
270 2-HYDROXY'4,4'. DICHLOROPHENOXYACETAMIDE 1 

DICHLORODIPHENYL ETHER 1 336 NONYLPHENYL DIPHENYL 
271 HYDROXY-S-TRIAZmYL ALANINE 1 PHOSPHATE 2 
272 2.HYDROXy-2',4.4'. 337 NOREA 4 

TRICHLORODIPHENYL ETHER 1 338 ORTHO 11775 7 
273 JODFENPHOS 2 339 0RY2ALIN 2 
274 KOMEEN 2 340 OVEX 5 
275 KRONITEX 200 21 341 OXAMYL 10 
276 LANDRIN 2 842 OXYDEMETON-METHYL 9 
277 LEAD ARSENATE 1 843 OXYTHIOQUINOX 2 
278 LEPTOPHOS 37 344 PARA-DICHLOROBENZENE 1 
280 LETHANE 3B4 6 345 PARAQUAT 9 
281 LIME SULFUR 5 346 PARATHION 47 
282 LINDANE 45 348 PARATHION DITHIOATE 
2B4 LINURON 6 ANALOGUE 3 
285 MALATHION 70 349 PAROIL 160 4 
286 MBC 10 850 PAROIL 1032 5 
289 MCPA DIMETHYLAMINE SALT 1 851 PAROIL 1048 4 
290 MCPB 3 352 FOB AROCLOR 1016 17 
291 MERPHOS 14 853 FOB AROCLOR 1221 1 
292 • METAM-SODIUM 1 854 FOB AROCLOR 1232 1 
293 METHANOL 1 355 PCB AROCLOR 1242 9 
294 METHIDATHION 2 356 FOB AROCLOR 1248 7 
295 METHIOCARB 3 857 PCB AROCLOR 1254 12 
296 METHOMYL 84 358 PCB AROCLOR 1260 6 
800 METHOPRENE 7 359 PCB AROCLOR 1262 1 
301 METHOPROTRYNE 1 360 PCB AROCLOR 1268 1 
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No. Table No. Tahle No. 
''tests poflc Chemicals of tests page Chemicals of tests 

146 361 PCB AROCLOR 4465 1 414 PYRETHRUM 41 
2 362 PCB AROCLOR 5442 1 416 RBSMETHRIN 23 

SI 363 PCB AROCLOR 5460 1 417 RONNEL 12 
9 364 PCB 2-CKLOROBIPHENYL 1 418 ROTENONE 7 
6 365 PCB 3.CHL0R0BIPKENYL 1 419 ROWMATE 1 
5 366 PCB 4.CHL0R0BIPHENYL 1 420 RU-11679 22 

16 367 PCB 2,4.DICHLOROBIPHENYL 1 421 RYANIA 4 
90 368 PCB 4,4'-DICHLOROBIPHENYL 1 422 RYLEX D (2-HYDROXy-4-
13 369 PCB 2,2',4,4',6,6'. 

HEXACHLOROBIPHENYL 
DOBECOXYBENZOPHENONE) 1 

2 
369 PCB 2,2',4,4',6,6'. 

HEXACHLOROBIPHENYL 1 423 RYLEX H 
1 370 PCB 2^',4,5.5'- (2.4-DIHYDROBENZOPHENONE) 1 

^9 PENTACHLOROBIPHENYL 1 424 RYLEX NBC (NICKEL 
11 371 PCB 2.3,4'-TRICHLOROBIPHENYL 1 DIBUTYLDITHIO CARBAMATE) 1 

5 372 PEBULATE 1 425 SANTICIZER 148 15 
3 373 PENTACHLOROPHENOL 15 426 SANTICIZER 154 22 
8 374 PENTACHLOROPHENOL COPPER *427 S-BIOALLETHRIN 15 

IB SALT 6 428 SD 7438 2 
1 375 PENTACHLOROPHENOL 429 SD 8339 2 
4 (DOWICIDE EC-7) 2 430 SD 16898 5 
3 376 PENTACHLOROPHENOL SODIUM 431 SD 17250 4 
4 SALT 18 432 SILVEX 12 
7 377 PERMETHRIN 29 433 SILVEX BUTOXYETHANOL ESTER 8 
1 379 PHORATE 18 434 SILVEX POTASSIUM SALT 2 

880 PHORAZETIM 1 435 SILVEX PROPYLENE GLYCOL 
1 381 PHOSALONE 3 BUTYL ETHER ESTER 12 

382 PHOS-CHECK 202 12 436 SIMAZINE 11 
2 383 PHOS-CHECK 259 12 437 SODIUM ARSENTTE 5 
4 384 PH0SFLEX31P 23 438 SODIUM SELENITE 6 
7 385 PHOSMET 74 439 SRCII SYNFUEL 2 
2 389 PHOSPHAMIDON 11 440 2,4,5-T BUTOXYETHANOL EST) .-i 
5 390 PHOTO-DIELDRIN 8 441 2,4,5-T TRIETHYLAMINE SALT 4 

10 891 PHOXIM 42 442 TEMEPHOS 
9 893 PHTHALATE DIBUTYL 16 445 TEPA 1 
2 394 PHTHALATE DI-2-ETHYLHEXYL 9 446 TEPP 6 
1 395 PHTHALATE 2.ETHYLHEXYL 1 447 TERBUFOS 20 
9 39S PHTHALICACID 1 449 TERBUTRYN 2 

47 397 PICLORAM 70 450 TERPENS POLYGHLORINAT.'i;S 4 
1 400 PIPERALIN 1 451 2,3,4,6-TETRACHLOROPHENOL 5 

3 1 401 PIPERONYL BUTOXIDE 7 452 TETRACHL0RV2NPH0S 4 
4 402 POTASSIUM 458 TETRADIFON 5 
5 NAPHTHALENEACETATE 1 454 TETRAMINE 3 
4 403 PROFENOfOS 12 455 TETRASUL 1 

17 404 PROPACHLOR 6 456 TFM 5 
1 <0S PROPANIL 3 457 TH 285-N 2 
1 400 PROPHAM 

407 PROPOXUR 
408 PROPYLENE GLYCOL 
409 PROPYL ISOME 
410 PURIFLOCC-S 

Q 411 n-DRAUL50E 
1 413 PI'DRAUL 115E 

5 458 TH336-N 2 
9 

400 PROPHAM 
407 PROPOXUR 
408 PROPYLENE GLYCOL 
409 PROPYL ISOME 
410 PURIFLOCC-S 

Q 411 n-DRAUL50E 
1 413 PI'DRAUL 115E 

6 459 THANITE 7 
7 

12 
6 
1 
1 

400 PROPHAM 
407 PROPOXUR 
408 PROPYLENE GLYCOL 
409 PROPYL ISOME 
410 PURIFLOCC-S 

Q 411 n-DRAUL50E 
1 413 PI'DRAUL 115E 

1 
1 
8 

28 
7 

460 
461 
465 
466 
467 

TOLUENE 
TOXAPHENE 
TRANID 
TREFMm 
TRETOLrPE J-146 

11 
89 
2 
3 
2 
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Table A5. Cmitxnxied. 

Contents 
TahU No. TahU No. 

page Chemicals qf tests page Chemicals of tests 
466 TRETOLITE JN-9045 1 493 TRIPHENYUTN HYDROXIDE 5 
469 TRETOLITE JW-8226 7 494 TRITON B.1956 1 
470 TRIALLATE 7 495 UC 10854 2 
471 TRICHLORFON 229 496 UREASOR 13 
481 2,3,6-TRICHLOROBENZOIC ACID 1 497 VERNOLATE 8 
482 TRICHLOROMANDELIC ACID 1 498 WARFARIN 1 
483 TRICHLORONATE 3 499 WATER GlJyCOLS 894-44A 9 
484 TRICLOPYR 2 500 WATER GLYCOLS 89444B 9 
485 TRICRESYL PHOSPHATE 6 501 WATER GLYCOLS 894-440 9 
486 TRIFLURALIN €2 502 XYLENE 16 
489 2,3,5-TRIMETHYL NAPHTHAI.ENE 1 503 XYLENOL AMINO 2 
490 2,3,6-TRIMETHYL NAPHTHAl^NE 1 504 XYLENOL DIMETHYLAMINO 8 
491 TRI-N'BUTYL PHOSPHATE 1 505 2-200 2 
492 TRIPHENYI PHOSPHATE S 506 ZINC SULFATE 6 
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A list of current Resource Puhlications follows. 

150. Microscopic Anatomy of Salmonids; An Atlas, by William T. Yasutake and Joseph H. Wales. 1983. 
151. Avian Use of Forest Habitats in the Pembina of Northeastern North Dakota, by Craig A. Faanes 

and Jonathan M. Andrew. 1983. 24 pp. 
152. National Pesticide Monitoring Program: Organochlorine Residues in Freshwater Fish, by Christopher 

J. Schmitt, Michael A. Ribick, J. Larry Ludke and Thomas M. May. 1983. 62 pp. 
153. Handbook of Toxicity of Pesticides to Wildlife, by Rick H. Hudson, Richard K. Tucker and M. A. 

Haegele. 1984. 97 pp. 
154. Nonconsumptive Use of Wildlife in the United States, by William W. Shaw and William R. Mangun. 

1984. 20 pp. 
155. Ecology and Management of the Bullfrog, by R. Bruce Bury and Jill A. Whelan. 1984. 23 pp. 
156. Statistical Inference From Band Recovery Data—A Handbook, by Cavell Brownie, David R. 

Anderson, Kenneth P. Bumham, and Douglas S. Robson. 1985. 
157. The Breeding Bird Survey: Its First Fifteen Years, 1965*1979, by Chandler S. Robbins, Danny 

Bystrak and Paul H. Geissler. 1986. 195 pp. 
158. Techniques for Studying Net Success of Ducl^ in Upland Habitats in the Prairie Pothole Region, 

by Albert T. Klett, Harold F. Duebbert, Craig A. Faanes, and Kenneth F. Higgins. 1986.24 pp. 
159. Research and Development Series: An Annotate BibUography, 1889-1985, by Thomas J. Cortese 

and Barbara A. Groshek. In press. 

NOTE: Uw of tnde names does not imply UJB. Government endorsement of commercial products. 
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